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PREFACE

The work described in this report was performed by the Project

Engineering Division of the Jet Propulsion Laboratory.
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FOREWORD

The objective of this research was the development of an analytical
technique to evaluate the probability that particles would relocate from
nonsterile to sterile areas on a spacecraft. This recontamination process
is important for all multiple missions with separate microbiological burden
allocations for various major spacecraft systems, and critical for life

detection experiments that risk contamination from nonsterile components.

The approach has been to study the effects of typical mission environ-
ments on the redistribution of particles on spacecraft surfaces both
analytically and experimentally. This study consisted of three logical
components, which have been reflected in the effort: (1) particle adhesion,
(2) dynamic release mechanisms, and (3) particle transport. The effort in
particle adhesion has been principally a particle release experimental
program, together with analytical work and attempts to correlate other data
found in the literature and elsewhere. Under dynamic release mechanisms,
meteoroid impact and pyrotechnic firing have been modeled. The particle
transport activity was an analytical effort which included the development of
computer codes for spacecraft geometry and orientation, forces acting on

released particles, and trajectory.

An analysis of the particle adhesion experimental data was consistent
with a dominant contribution by Van der Waals (molecular) forces in vacuum.
These forces have the same linear dependence on particle size as the major
adhesive force in air with a relative humidity in excess of 65% (capillary
or water surface tension force). Surprisingly, our numerical results for

vacuum adhesion are commensurate with published data for experiments

conducted in air.

Meteoroid impact has been modeled by the elastic response of a large

plate to a Gaussian spatial distribution of pressure. The analytical solution
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for the Green's function is known., The relationship between meteoroid and
target physical parameters and the time dependence and magnitude of the
pressure function was developed by an adaptation of an existing analysis.
Predictions of particulate release due to meteoroid impact were calculated

and compared with the results of experimental simulations.

The particle transport analysis was to solve the equation of motion of
the released particle in the vicinity of the spacecraft. Of the important
forces, the electrostatic force on the particle due to the electric field of the
spacecraft is most difficult to predict. Results for the charging rate and
equilibrium potential of particulates in interplanetary space and an approxi-

mate electric field were obtained.

Finally all of these components were assembled into an operational,
integrated computer code. For a demonstration calculation with this com-
puter code, a geometrical model of a dual purpose spacecraft and the
spaceflight phase between Earth orbit and Mars encounter were chosen. The
results indicate that particulate recontamination is a likely process for
this mission model. Other predictions, such as the distribution of escapes
and particulates which relocate on the relatively contaminated regions of the

spacecraft were also obtained.
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ABSTRACT

A computer simulation program to model the redistribution of
particulate contaminants on a spacecraft after launch has been developed.
The component models for particulate adhesion, meteoroid impact, and
electrostatic forces are described and intermediate results are presented.

The results of a sample calculation have shown that the recontamination

process is important.
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I. INTRODUCTION

Planetary quarantine is an international cooperative program concerned
with the prevention of the contamination of another planet by terrestrial organ-
isms, Such a contamination by an automated spacecraft could yield false
positive results from its own life detection instruments and, if the terrestrial
microbes grew and spread on the planet, would confuse all subsequent studies
(Ref., 1).

In the implementation of a planetary quarantine program for a partic-
ular spaceflight mission, a distinction is made between spacecraft which are
intended to probe or to land on another planet and those which are designed
to flyby or orbit outside its atmosphere (Ref. 2). Thus for a multiple purpose
mission to another planet, the allowed (and actual) microbial contamination
of the non-incursive spacecraft components would be significantly larger than
that of the others. The recontamination process is the redistribution of par-
ticulates, presumably associated with microbes,lfrom a region on a space-
craft with a relatively large burden to a region that has been decontaminated.
The objective of the study discussed in this paper is the development of the

techniques to evaluate the probability of this process,

The approach has been to study the effects of typical mission environ-
ments on the redistribution of particles on spacecraft surfaces, both analyt-
ically and experimentally, This study consists of three logical components,
which have been reflected in the effort: 1) particle adhesion, 2) dynamic
release mechanisms, and 3) particle transport., The effort in particle
adhesion has been principally a particle release experiment, together with
analytical work and attempts to correlate other data found in the literature
and elsewhere, Under dynamic release mechanisms, meteoroid impact and
pyrotechnic firing have been modeled. The particle transport activity was an
analytical effort which included the development of codes for spacecraft
geometry and orientation, forces acting on released particles, and trajec-

tory analysis,

1This study does not treat directly the transfer of viable microbes because
the relationship is unknown and because of the lethality of natural space
environments for microbes.
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Finally, all of these components were assembled into an operational,
integrated computer code. For a demonstration calculation with this com-
puter code, a geometrical model was based on a hypothetical spacecraft and

the spaceflight phase between Earth orbit and Mars encounter was chosen.
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II. MODELS

A, PARTICLE ADHESION

The four types of adhesion forces which may play an important role in
particulate adhesion to a surface are: Van der Waals, contact potential,
Coulomb, and capillary. The Van der Waals or molecular force is propor-
tional to the particle dimension, depends critically on surface roughness,
and is fairly unaffected by material conditions., Although the other forces
may be much larger under certain circumstances, the molecular force is the
major source of adhesion for inert contaminants seeded in air onto a surface
and then evacuated. Contact potential differences due to the surface effects
of dissimilar materials cause an electrostatic binding proportional to the
particle dimension to the two-thirds power. Coulomb forces arise from
actual charges on the particles due to external ambient electric fields. Since
these forces are inversely proportional to the particle dimension, they are
quite important for small particles. The electric charges involved, however,
in both contact potential and Coulomb forces will neutralize in the presence
of ambient water., More importantly, for particles seeded in air (or even in
dry nitrogen) onto a surface which is then evacuated, the Paschen limit
places an upper limit on the residual charge., During evacuation, a region
of corona breakdown, where the field in the small gap between particles and
the surface causes the air to ionize, is passed, Finally, the capillary or
water surface tension force, which is also proportional to particle size, is
potentially largest., It is, however, negligible in a reasonable vacuum. At
ambient air pressures, the capillary force exhibits a definite hysteresis
effect with respect to relative humidity, That is, the force depends on the

history as well as the relative humidity at a given time.

Some conclusions relevant to the recontamination task may be drawn
from the preceding discussion. The Van der Waals force, proportional to
particle size, is the best model for the vacuum problem in space. During
the ascent, the adhesion force changes in a very complicated fashion, but it
approaches the Van der Waals as a lower limit. Conversely, a particle
adhesion experiment in vacuum should reliably measure the Van der Waals
force., One may compare vacuum results with results obtained under

ambient pressures only with caution.
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Previous models used in this study have related the applied force (given
by the product of the applied acceleration and the particle mass) to the
removal fraction, In each case a characteristic acceleration or force corre-
sponding to a fixed removal fraction was defined. In Ref. 3, the character-

istic acceleration ag for a removal fraction of 0,63 was given as:

2 x 107%(0.4 + 0.006 RH)
depG

(1)

where a, is in units of kilo-gee2 (kG), p is the particle density (g pm—3), d
is the particle diameter (um), G is the acceleration due to gravity
(980 cm s'Z), and RH is the relative humidity (percent) during release,

The numerical constants in Eq. 1 were determined empirically from data
in the literature.

Subsequently, an experimental program was conducted to obtain data on
particulate adhesion under vacuum conditions. The"data to be modeled
(Figs. 1-5) were obtained by an impulse method for glass beads on stainless
steel. The details of the apparatus and the test procedures have been previ-
ously reported (Refs. 3 and 4). It should be noted that in these tests the

glass beads were seeded in air, and then the removal occurred in vacuum.

As discussed above, for this experiment and for the recontamination

analysis, one expects a characteristic force, Fo, corresponding to a removal
fraction of 0.5 given by:

F_ = kd (2)
or the characteristic acceleration a, given by:

6k
a = (3)
o Trde

20ne gee equals 9.8 m/sz, the acceleration due to gravity at the surface of
the earth,
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where d is the diameter and p is the density of the particle., Note that

Egs. 1 and 3 are of the same form for zero relative humidity.

The next component of the model must relate the applied force or accel-
eration and the characteristic force or acceleration to predict the removal
fraction. Since a distribution of adhesion forces is expected even for a

“collection of identical particles because of the variation in microscopic sur-
face conditions, a probabilistic model is indicated. In the present model, the
constant k of Eq. 2 is assumed to be log-normally distributed with a mean
value of log k equal to m and a standard deviation T Then the removal
fraction for a specific d is given by the probability that the applied force F*

exceeds the characteristic force Fo' This probability may be written:

(log K - m)/u-r

sk 1 2
P(F*">F = — dt exp (-t /2 4
( o) I p (-t72) (4)
-
where
% Trd2 a*
kK = F%/d = 1=P2 (5)

6

and a™ is the applied acceleration,

By inverting Eq. 4 for a given data point and an assumed value of o
one can calculate an estimate for m. Such a collection of estimates for m
may be averaged to provide a best-estimate m for the selected L There
is also a standard deviation of this collection, T which should be mini-
mized, The program for search over T treating the data, and minimizing
T has been incorporated into a computer code. The best fit to the data was
obtained for .= 0.4, m_ = -0,882, and c = 0.52. These values are

consistent with MKS metric units, e.g., k* and 10™° have units of newton

meter-l.

Up to this point the theoretical development is due to B, Nelson (Ref, 5).
Nelson, however, uses Eq., 4 with L substituted for o and m = m for
the most probable removal fraction. The correct procedure appears to be

the use of o and m for the most probable calculation. Further, the
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meaning of ¢ 1is such that if one calculates the removal fraction with
m = m_-g__ substituted into Eq. 4 and with m = m_+ o__, there is the

o m o m
usual 68% probability that a test result will fall between the two answers, If
one is concerned only with an upper limit on the removal fraction, there is
an 84% (50 + 34) probability that the prediction with m = m_ -0 will not

be exceeded, These comments may be extended in the usual way,

The results of this analysis are shown in Figs., 1-5, Each figure cor-
responds to a particular size of glass bead. The data and the predictions of
Eq. 4 are given as removal fractions in percent vs, surface acceleration in
kG. The most probable and the "conservative" (m = m - o-m) predictions
are shown and, in the case of 110-pm beads, the "non-conservative"

(m = m  + o—m) prediction is also given,

It is interesting to compare our new results for the adhesion force with
the previous model and with results published in the literature, The present
prediction of the mean adhesion force (N) is given by Eq. 2 with the diameter
d expressed in meters and a value of k = 0,13 N/m., Corn (Ref. 6) used the
same formula and obtained the following values (converted to MKS units):
0.17 N/m for the adhesion of Pyrex particles to optical glass, 0.12 N/m for
the adhesion of quartz particles to optical glass, and 0.075 N/m for the
adhesion of quartz particles to Pyrex glass. Since these data were obtained
in air at 95% relative humidity, the agreement with the present results must

be considered somewhat fortuitous.

A comparison with the characteristic acceleration of the previous
model, Eq, 1, requires some algebra., One may express the prediction of
that model in terms of the force required to cause a 63% removal in air
(RH = 0%):

F(0.63) = 0.13d (6)

where F is expressed in newtons and the particle diameter d is expressed
in meters, The prediction of the present model has a coefficient of 0.18 for
this removal fraction (compare to 0.13), This fair agreement may also be

coincidental. The previous model was based on data for many materials in

air with a relative humidity of 50 - 60%,
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From a comparison of the data in the literature and a consideration of
the Van der Waals and capillary adhesion forces only, one may predict the
trend of total adhesion between ambient pressure with 100% relative humidity
and vacuum. As the relative humidity is decreased, the capillary force
decreases in a linear fashion (Ref, 6). As long as water is present, the Van
der Waals force is reduced to a negligible factor by the molecular interaction
with the interface water (Ref. 7). For small relative humidity (<50%), there
is a minimum adhesion. Finally, as the test system is evacuated, the capil-
lary force becomes negligible and the Van der Waals force attains its maxi-
mum value. On the basis of the data, the adhesion force in vacuum is com-
mensurate with that in air at 100% relative humidity and certainly exceeds

values for low (but non-zero) relative humidity.

This particle adhesion model has been developed into a computer code
called RELEAS, A version modified for its integration into the complete
recontamination code appears in Appendix C., An independent version which

accepts surface response data in punched card form is also available,

B. METEOROID IMPACTED SURFACE RESPONSE

The meteoroid impact model is intended to provide surface response

characteristics as a function of meteoroid and surface physical parameters,

The connection between the meteoroid impact parameters and plate
response is the loading function. The loading function model predicts a
pressure P, in general a function of time t, and r, position on the surface
relative to the center of impact, for a given meteoroid event. For simplic-
ity, the positional dependence has been assumed to be Gaussian and

factorable:

-rz/s2 ,
P(r,t) = P_e £(t) (7)

This choice was motivated by the existence of a closed-form solution
for the velocity response of a thin plate subjected to a loading of this form
with the impulse time function (Ref. 4). This response function is related
to the response due to a general loading time history f(t) by convolution

integrals.
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In the preliminary considerations, it was found that for reasonable
forms of the time dependence £(t), only a characteristic time To of the
impact was important for the peak acceleration, our primary interest. The
detailed behavior of f(t) certainly determines the detailed time history of

the surface acceleration.

The function f(t) has been chosen:

¢ -2
f(t) = (1 +-T—- (8)
o

This form has been derived along the lines of an analysis due to Ludloff
(Ref. 8). This treatment takes into account thé transport of molten target
material in the crater region, The result depends on Ludloff's form for the
crater radius; the crater is assumed to be hemispherical. The expression
for the crater radius R in terms of the target material strength S, the pro-

jectile diameter d, density Pp and velocity v, is:”

1/3
R _ 1{PPY%

This formula agrees reasonably well with the data in the literature,

In this analysis, the time history of Eq. 8 is valid only for the boundary
of the crater being formed. This restriction appears to pose no problem in
calculating the post-impact elastic wave far from the crater. The solution
of the equation of motion leads to Eq. 8. The characteristic time To may be

immediately identified as:

2
T = 4 dsl/6 1+_‘E)T_v9. (10)
o 3v4/3p1/6 S
o P

One may also identify Po @ 25, In the formula for T0 is the target

y P
density and all other symbols have been previously defined. Ludloff, in
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keeping with his treatment of the molten target material, takes as the target
material strength S:

S = N P (11)

In this formula )\F is the latent heat of fusion. For aluminum, for example,

s = 8.7 x 108 N/m?>.

Finally, we have chosen for the parameter s in the loading function
(Eq. 7), a value of (1/3)R, where R is the crater radius given in Eq. 9. At
this point the loading function is completely expressed in terms of known

parameters of a meteoroid impact.

As stated previously, classical plate theory provides the velocity
response WDOT of a thin plate to an impulsive loading with a Gaussian shape
factor. A computer code written by J. Yang yielded the surface velocity w

and surface acceleration w by a convolution with f(t):

w(r, t)

dr WDOT(r, ) f(t - 7) (12)

t
dr WDOT(r, 7) £(t - T) (13)

w(r, t)

In the process of inserting f(t) into this thin-plate code THINPL and
testing it, a close inspection of the code was made to find a way of shorten-
ing it., By an analysis of the convolution integral and the shapes of WDOT
and f(t), we have succeeded in predicting the time t for a given lateral dis-
tance r at which peak acceleration occurs. Since the calculation of the sur-
face velocity and acceleration for a given position requires two integrations
for each value of time, a great savings is realized by limiting the values of
time to near the time of peak acceleration. In addition, the c;onvolution inte -
gration can be optimized for these values., As a result, the present code
yields peak acceleration and the simultaneous velocity as a function of posi-

tion by a limited search over t. An entire curve of peak acceleration versus
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position is computed in about the time the previous code required for the

time history of the acceleration at one position,

The analysis of the impact of a small meteoroid and/or the analysis for
positions close to, but not in, the impact area entails a consideration -of the
semi-infinite half-space problem. This analysis, which treats the plate as
though it were infinitely thick, has been published in the literature (Ref. 9).
The computer code based on this analysis yields peak accelerations inversely
proportional to the position r beyond the impact locus, Because our prob-
lem is limited to finite plate thicknesses, the absolute values of the peak

accelerations predicted are suspect.

In the past we have taken the transition between the "thick" and "thin"
regions to be the value of r equal to three plate thicknesses and have matched
the peak acceleration at that point. In fact, however, this transition region
beyond which shear waves dominate the compressional waves depends on the
other plate properties and the impacting projectile properties. Fortunately,
the prediction of the classical thin-plate program levels off and then actually
decreases with decreasing values of r. One may interpret this odd behavior
of the peak acceleration as due to destructive interference between the var-
ious contributions to it from the different parts of the finite region of dis-
turbance. Since the thin-plate analysis treats shear waves only, the leveling

off of its prediction identifies the transition region uniquely,

The meteoroid impact program developed for this task, YANG1/
THINPL, uses this identification by searching for the maximum peak accel-
eration predicted by the classical thin-plate program for decreasing values
of r, For all smaller values of r than the specified value found, the peak
acceleration is taken as inversely proportional to r. The infinitely thick-
plate analysis code, a cumbersome long-running code, is not used at all for
roduction runs, For very large values of r, the prediction of the program
drops off finally below a cut-off in acceleration, and calculations cease, In
addition to the version of the meteoroid impact code YANG1/THINPL used in
the complete recontamination computer program (Appendix C), an independent
version which produces the surface response summary in printed, plotted,
and punched card form is available., This form of YANGI1/THINPL may be
used in conjunction with the independent particle adhesion code RELEAS to

provide predictions of particle removal due to meteoroid impact. Such
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predictions, shown in Figs, 6-9, compare favorably with the experimental
results of a group at Langley Research Center (LRC) (Refs, 10 and 11). A

more complete discussion is available in Ref. 3.

C. ELECTROSTATICS

The particle transport analysis addresses the problem of following the
motion of the released particles. Formally stated, given the particle param -
eters, the initial conditions, and the forces acting on the particle, the analy-
sis is to solve the equation of motion. Of the important forces, the elec-
trostatic force on the particle due to the electric field of the spacecraft is
most difficult to predict. A major effort within this task has been in the
electrostatic area., The basic approach has been to analyze particle charging
so that the particle charge as a function of time is known and to analyze the
potential solution for the spacecraft-solar plasma system (Ref, 12) to develop

an approximate electric field.

The particle-charging model deals with spherical particles for simplic-
ity and consists of three special cases: illuminated particle, shaded (by the
spacecraft) particle in the wake, and shaded particle outside the wake. The
wake region of the spacecraft is a complicated analysis that is discussed
under the electric field heading. Given the geometry of the particle and the
potential-dependent currents flowing into it, one may express the charging

rate in an implicit form.

For the illuminated particle, the charging rate d¢/dt is given by:

-9
g% - ﬁ;—;o——ndl}pﬂl -a)Ae+Av] (14)
where
2

A, = npvo/4 for [$| <My /2e

exp (-e¢/kTe) for 6 < 0O
A = -nv [/4X

e e e
[1+ 2e¢/kTe]l/2 for & > 0
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A

v

photoelectron flux, dependent on ¢

a secondary emission yield, dependent on ¢

In this equation, the proton flux Ap depends on the number density np(m-3)
and the directed veloc1ty v (ms ) and the electron flux A depends on the
number density ne(m ) the mean thermal speed v (ms ) and the tempera-
ture kTe(eV). The photoelectron flux is calculated from photoelectric yield
data (Ref. 13) for the solar spectrum, material of the particle, and surface

potential ¢ (V). With Ap A, and A in units of m-'2 s-l, the particle

’

diameter d in m and the heliocentric distance R in AU, one obtains dé/dt

in Vs-l.

A model for the secondary emission coefficient has been devised based
on an empirical formula for the secondary yield of a given material as func-
tion of the primary electron energy (see Ref, 14). This yield function was
formally integrated with an assumed Maxwellian solar-wind electron energy
distribution with a specified temperature. The resulting coefficient is the
ratio of the secondary electron flux to the primary (incident solar wind)
electron flux, Parameter values for the empirical formula were also taken
from Ref. 14, The dependence of the coefficient on the particle potential is

of the form:

a = (A - Bed))/(kTe - ed) for $ < O (15)

For the shaded particle, the photoelectron flux Av is zero, The electron
flux Ae and the secondary emission yield are essentially unchanged. The
crux of the problem is the proton flux Ap' The proton accretion may be
expected to depend only on the thermal motion of the protons, since there is

no line of sight in the shade. It follows then that for this case:

exp (-e¢/kTp) for ¢ =

A = PP x (16)

1/2

[1 - 2e¢/kTp] for ¢ < 0
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where ;p is the proton mean thermal speed and kT is the proton temperature.
This equation, an analog to the electron flux equation, is only approximate,
The quality of the approximation depends largely on the value taken for n_,

an effective proton number density in the shade.

The effective proton <i1ensity Hp in the shade depends on the complete
solution to the potential problem of the spacecraft itself. Poisson's equation
relates the potential everywhere to the charge distribution everywhere., The
boundary condition (surface potential of the spacecraft), the potential, and
the charge distribution form a self-consistent set. For an equivalent spheri-
cal spacecraft, a conical wake region is assumed where Hp = 0. The base
of this cone contains the center of the sphere and is a cross-section of the
sphere. The altitude of the cone lies in the anti-Sun direction. The half-
angle of the cone is given by (Ref, 15):

2

™ Yo

<| <]
o]

tan 6 = (17)

Outside this cone Hp is taken to be np, the undisturbed proton number density.

The particulate charging rate for the three conditions (sunlight, shade,
and wake) is calculated in a computer code PARPOT (Appendix C), as well
as the necessary terms like the photoelectric current and the secondary
emission coefficient. An independent version of this code, which provides
values for these quantities, and also the equilibrium potential of a particle

in the sun is available. Sample results are shown in Figs. 10 and 11,

The analysis of the spacecraft electric field or potential problem
requires many of the same considerations as the particle charging model.
However, the spacecraft surface potential is merely a boundary condition
rather than the answer, Fortunately the spacecraft/plasma system equili-
brates rapidly (time proportional to the inverse of a size dimension) so that
a time-independent equilibrium analysis is adequate. The problem of the
potential distribution of an object in a plasma, the plasma sheath problem,
is known mathematically as a Poisson-Boltzmann or, in the case of a non-

interacting plasma, a Poisson-Vlasov system.

The three-dimensional potential solution for an object moving relative

to a plasma is very difficult even in the simplest geometry, a uniform

JPL Technical Memorandum 33-737 13




conducting sphere, This situation, which has been solved implicitly by
others, requires that the directed relative velocities (as opposed to the
thermal, random velocities) of all components of the plasma be equal.

These conditions are satisfied when all of the directed relative velocity is
due to the object's motion. In the case of interplanetary spaceflight in the
solar -wind plasma, however, the proton component has a directed velocity
which dominates its thermal velocity, while the electron component by com-
parison is essentially at rest. Finally, the photoelectric effect produces yet
another plasma component exactly at rest with respect to the spacecraft.
Thus the potential problem is a much more difficult one than a mere compli-

cated geometry to be approximated by known solutions for simple geometries,

The general approach taken was to artificially sector the region of
space about the spacecraft into the near-field, wake, and far-field sub-
regions (Fig, 12). The electric field in the near-field case was approxi-
mated by a one-dimensional solution for a plate of material nearest the given
position., The near-field boundary was taken as the characteristic e-folding
distance {effective Debye length) for that material., The electric field model
in the wake regions was adapted from an analysis by Al'pert et al, (Ref, 16).
The wake boundary was taken to be a cone with a half-angle given by Eq. 17
(see previous discussion on particle charging) and a base radius (XYWAKE)
calculated on the basis of a circle with an area equivalent to the spacecraft
shade projection, The far-field electric field model was an equivalent sphere
with a uniform potential equal to the area-averaged value PHIAVE and with an

effective e-folding parameter equal to an area-averaged value ALAMAYV,

The solution to the one-dimensional Poisson-Vlasov problem of a plate
exposed to solar illumination, electrons, and protons has been found in the
literature (Refs. 17 and 18). In this solution, the positional dependence of
i ential in equilibrium was expressed implicitly in terms of the
surface potential and the plasma parameters, An approximate explicit form
for the potential based on this work has been developed which provides an

approximate formula for the electric field as well (Ref, 19):

2
E = 4c, -c1+(m+cl)l/2-c2x
x[( by - b+ )t/? -czx] (18)

JPL Technical Memorandum 33-737




for the region

X < (19)

where 4 and c, are known constants, which are calculated,

In order to obtain numerical values for the electric field, the plasma
parameters and the equilibrium surface potential are required. The perti-
nent parameters of the solar-wind plasma are available (Ref. 20). For the
photo-electron plasma, the typical experimental values obtained for ultra-
clean surfaces are expected to differ drastically from values corresponding
to realistic spacecraft surfaces. However, a detailed experiment for real-
istic surfaces of several spacecraft materials has been reported (Ref., 13).
Finally, the equilibrium surface potential for these materials has been deter-
mined with the use of the parameters above and the requirement that the net
current becomes zero at equilibrium, The values of these parameters are

given in Table 1,

Following the authors of Refs, 17 and 18, two classes of solutions to
the problem were found and noted as monotonic and non-monotonic., The
quantity of interest in the electric field in the vicinity of the plate is, how-
ever, virtually the same for the two solutions, Some results for aluminum
and silica are shown in Fig, 13, The most striking feature of these results
is a falloff of the field with distance ata far faster rate than the field for the

case with no photo-electric effect. The latter problem has an exact solution,

a decreasing exponential, with an e-folding distance equal to the Debye length,

For the solar-wind plasma parameters, the Debye length is about 12 m. In
contrast, the e-folding distance, as determined by an exponential fit to the
results given in Fig, 13, is about 0.8 m for aluminum and 2 m for silica in
our analysis, Thus, the effect of the photoelectrons is to dramatically
reduce the effective range of the electric field and to render the effective

range of the electric field material-dependent.

The one-dimensional problem inthe shade was modeled by a surface
potential equal to minus three times the electron temperature (in eV) with an
exponential spatial dependence., The Debye length in the absence of photo-

electrons was employed.
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The electric field for the wake is approximate and basically depends on

a potential model of the form:

¢ = ¢0|:J0(2.4%) exp (-2.4 '—%—l):l (20)

where (r,z) is the position in cylindrical coordinates, a is the cone radius

at height z, ¢o is the shaded surface equilibrium potential, and Jo is the
zeroth order Bessel function, Corrections were made to approximately

satisfy the boundary conditions of a conical geometry.

The electric field in the far-field region is based on the usual potential

solution for a uniform sphere in a plasma (at rest) with a known Debye length:

b =5 (2) exp| 222 (21)

In the present application, the surface potential $o is identified as
PHIAVE, the sphere's radius a is identified as XYWAKE, the Debye length
"\ is identified as ALAMAYV, and r is the spherical coordinate distance. The
electric field may be obtained by a formal differentiation of Eq. 21.

The calculations of the various surface parameters and averaged
quantities occur in the computer code ESURF (Appendix C). The determina-
tion of the appropriate model for a given spatial position and the electric

field evaluation are accomplished in EFIELD (Appendix C).
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Fig. 1. Comparison of particle adhesion data with predictions of
model, 22-pm glass beads
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Fig. 2. Comparison of particle adhesion data with predictions of
model, 48-pm glass beads
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Fig. 3. Comparison of particle adhesion data with predictions of
model, 68-um glass beads
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Fig. 4. Comparison of particle adhesion data with predictions of
model, 94-pm glass beads
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Fig. 5. Comparison of particle adhesion data with predictions of

model, 110-pm glass beads
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Fig. 6. Glass bead profile predicted post impact for

simulation of LRC experiment, Case 1
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Fig., 7. Glass bead profile predicted post impact for
simulation of LRC experiment, Case 2

VELOCITY V, m/s

1073 1072 107! 1
IOO | T T

€ 10'] - .
-
w
O L
z
<
n =21 ]
a 10

[ 50 um GLASS BEADS

1073 \ L \ 1 s ] ; ] )
107! 1 10 100

* LANGLEY RESEARCH
ACCELERATION A, kG CENTER

Fig. 8. Particulate removal simulation of
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Fig. 13. One-dimensional electric field
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111, COMPUTER SIMULATION PHILOSOPHY

A, BLOCK DIAGRAM OVERVIEW

The integration of the specific models for the spacecraft surface-impact
response from micrometeoroids, the particle release prediction, and the
pyrotechnic device firing is displayed conceptually in Fig. 14. These major
computer-coding subgroups indicate the general relationship among the con-

stituent modeling efforts,

The Meteoroid Model block represents the establishment of a ten by
three matrix containing ten mass groupings which span 10-6 to 10-13 kilo -
grams and three velocity groupings of 1,6 x 104, 2.4 x 104 and 3.2 x 104 m/s.
These parameter ranges will later be seen to encompass meteoroids of real-
istic concern as discussed in Ref, 21. The output matrix contains the come-
tary meteoroid total mission fluence for each mass-~velocity (M-V) matrix

location and the cometary meteoroid M-V group flux,

Once the flux and fluence calculations have been made, the data for each
M-V group are transferred to the Surface Impact Model code, At this point,
the effect of a single meteoroid impact upon a thin plate of specified thickness
is determined with the output formulated into three arrays of data, corre-
sponding to each M-V sample. These data arrays contain the peak accelera-
tion of the surface and the velocity of the surface at the time when peak accel-

eration occurs, each as a function of the range from the impact (third array).

The simulation has chosen sample meteoroids that span the range of
physical interest in the case of particulate redistribution. Other meteoroid
models could also be introduced that yield output in a suitable form: accel-
eration and velocity of the surface vs, range from impact and a representa-
tive fluence evaluation, This is essentially what the PYRO EVENT Model
grouping produces for the relevant pyrotechnic devices of known response

and location (Appendix B).

The next group of computer coding represents the prediction of particle
(on the impacted surface) release probabilities that depend upon the surface
environments described above, The internal probabilities are functions of
the particulate diameter (10 size groups) and the range from impact. The
properties of symmetry and reciprocity allowed all impact ranges to be

tested at any one position.
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The number of trial ejecta histories required for full simulation has
been increasing during each step in the discussion. For each of the thirty
M-V groups, ten ejecta sizes were analyzed along with, typically, sixto nine
ejecta velocities (see Appendix C). This totals approximately to 2500 trial
histories necessary to fully cover the variable ranges developed to this point

in the program flow.

The next consideration concerns the location of impact on the geomet-
rically specified spacecraft. Reference 21, upon which the cometary mete-
oroid information has been based, describes an isotropic directional distri-
bution; thus, all portions of the exposed spacecraft are assumed equally

likely to have micrometeoroid impact, The particle transport code, there-

" fore, begins with a Monte Carlo selection of the surface position, limited

to the unsterile surfaces (Fig. 15), to be considered as the initial trajec-
tory location, The Monte Carlo method has the advantage of producing

an unbiased set of random impact points. A disadvantage of Monte Carlo is
that a large number of selections must be made to obtain statistically repre-
sentative data. For this reason, Monte Carlo was applied only to this one
parameter, the position. An analytically deterministic approach using the
discrete group distributions generated above for all other relevant param-

eters was applied for statistical and economic optimization,

The program is arranged such that the descending order of selection
within the coding follows: M-V groups; number of positions to be considered;
ejecta size; and velocity groups, respectively, The arrangement allows the
testing of all ejecta size and velocity groups (60-80 total) at every position

for each M-V set (2500 times number of positions).

The final computer code group keeps account of statistical informa-
tion as the model courses its way through the execution, During each
kinematical grain trajectory, positional track is kept on the ejected particle
to monitor for spacecraft recontact and recontact location. The categories
of interest are whether the ejecta recontacts a nonsterile surface, a sterile

surface, or escapes,

B. REQUIRED INPUT DATA

The spacecraft being modeled is required to be of the basic configura-

tion displayed earlier in Fig. 12. The truncated cone dimensions are
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arbitrary, in that the inclination angles and base dimensions are adjusted
to describe a specific mission. Figure 15 identifies the spacecraft model
components. The spacecraft surface must be specified for density, thick-
ness, particulate load, and physical dimensions, Solar generated plasma
parameters, solar energy spectrum, material photo-electron yield, physi-
cal constants, mission-dependent information. etc., need characterization,
Appendix A lists each specific data entry requirement within the coding for
element DATAIN,

C. OUTPUT DATA FORMULATION

Upon completion of the mission data entry and the compilation of an
executable element (Appendices A and D, respectively), the execution com-
mences, The following extended list, Table 2a-i, represents samples of a
typical computer run printout. Initially, the mission-dependent internally-
calculated constants are listed as in Table 2a; the tangents of the cone section
defining angles are listed; the areas of the various sections (i.e., ASP is the
solar panel area, etc.); the Z axis cone truncation intercepts are listed, with
Z1 defining the dark side Debye length; the radius and depth of the plasma
wake (XYWAKE, ZWAKE, respectively); the Z axis coordinates of the cone
verticies (AL); the electrical characteristics of the spacecraft, where
ALAMB is sunlit side Debye length for aluminum and silica, EFEL is the
sunlit side electric field magnitude, EFED is the shaded side electric field
magnitude, PHIEL and PHIED are the illuminated and shaded surface poten-
tials for aluminum and silica, DEB is the shaded side Debye length, ALAMAYV
and PHIAVE are area averaged Debye length and surface potential (for far-
field considerations), respectively; and finally, the AMAT array describes
the spacecraft material beginning with the element A top plate and ending

with the element B bottom plate (see Appendix A),

The next page in the printout shows the data card image for the case to
be studied (Table 2b), We have listed the image for a typical meteoroid
mass-velocity group case study and the image for a pyrotechnic event simu-
lation (see Appendix E). The two parameters designated as pyrotechnic
localizers limit the random pyrotechnic position selection to a particular

section of the space vehicle (see Appendix B), The next page (Table 2c) lists
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the group identifiers, meteoroid mass, meteoroid velocity, and M-V group
flux and fluence values. Immediately thereafter, the table of range, peak
acceleration vs. range, and velocity vs, range for the impacted surface is
printed. (Table 2c data correspond to points A and B on Fig. 14.) In the
pyrotechnic event phase, the corresponding page output is shown in Table 2d.

This likewise corresponds to point B on Fig. 14,

Preliminary summaries in the form of "Box Scores" are then output
during execution for each position selected (part D on Fig., 14), Tables 2e
and 2f depict this information for one position of a meteoroid M-V group and
a pyrotechnic event, respectively. The position coordinates are for the initial
ejecta location (Z axis origin is one Debye length in the anti-Sun direction).
The Box Score indicates the number of ejected grains that recontacted a safe
area, recontacted a "sterile specified" zone, passed near but missed the
spacecraft, and escaped at this position. The average velocity of escape in

m/s is also indicated.

Table 2g shows the altered form of the output when a recontamination
event occurs (part C on Fig, 14), This output indicates the ejecta size and
velocity, as well as several constants relating to the particular character-
istics of this grain, followed by a step-by-step account of the trajectory from
meteoroid impact triggered grain ejection to the sterile zone recontact. This
accounting includes the integrated path length, the positional coordinates, the
particle charge, the visually helpful shade-solar panel-sector indicies, the
electric field vector, and the incremental time-of-flight from previous posi-
tion. Upon recontamination, a recap is printed with a Box Score list for this
position. When all of the positions have been tested for one meteoroid M-V
group, another Box Score is printed, as shown in Table 2h, that reflects the

total mission results due to this particular meteoroid group.

The general software is configured to study many M-V groups in
sequence, after which the grand ensemble values for all the groups studied
are listed. Table 2i concludes the printout showing the total mission fluence
due to these M-V groups, the grand ensemble, the standard deviation for the
recontamination prediction, an angular distribution listing for the grains that
escape, and a probability value (assuming Poisson statistics) for the event

that one or more grains recontaminate the sterile zone,
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TABLE 2a. Initial constants for hypothetical mission (sample computer printout)

TYE FOLLOWING ARE GENERAL SPACECRAFT MOOEL DATA

THg TANGENTS FOR CONE ANGLES ARE «7595 6837 Py Tei%
ASp®20.8 ATPo .82 ATS®]1 4.0 Alsdbve Aljs7+8) ATOTo4Y ey
Zle 18022 2% 19024 13s 19,79 4= 20.48 1% 22,8,
AYWAKE® 21179 IWaKg® 5049402
THE AL ARRAY CONTAINS ;7495 2051 26:0) $Se44g
® o ALAND o o o o EFEL * o ® ¢ EFED o o DED
0783 jel4 1% 2434 =32y 329 1842
® o PHIEL o o o o PHICD © o ® ALAMAY o o PHIA
v
13¢0 Jes? =60¢0 ~60.0 Vebe 2542 £
® o AMAT ARRAY ¢ @ o o AMAT ARRAY o o
AL AL 5102 AL al 5102 s|o02 $102

o o EL ARRAY o *
AL $102

PRI®s 76 AgPec3ob ABCS» 12,47

TABLE 2b. Typical initialization data printout (sample computer printout)

TME INPUT METEOROJD CASE DATA CARD FOR MaSS GROUP 4 AND VELOC. GRoOUP

] a2 [T
oumMmy IMPACT EJECTA SIZE
VARIABLE DATA INCLUSIVE
DIMENSION {10-100 1am)

021686205 +}0000°i0 2 L]
GROUP GROUP VELOCITY MASS
METEORDID METEORDID GROUP GAOUP
VELOCITY MASS
(mhs) L]

ThRg INPUT PYRO CADE DATA CARD FOR PYRO NUMBEK 1

2 . ) 10
ouMMY IMPACT EJECTA SIZE
VARIABLE DATA INCLUSIVE
DIMENSION 110-100 m)

1 4 *22000430
PYRO NUMBER FYRO LOCALIZING
NUMBER OF PARAMETERS
PYROS
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TABLE

2c. Meteoroid model identifiers and surface response model data
(sample computer printout)

MASS GROUPe 4 VELOC, GROUPs 2

THE METEOROID MASS S 1+0000-11}

WiITH A GROUP FLUX OF 9.4786-07

i (IR

1 2.00902+-04
2 9:05040°04
3 1060%18=03
4 2031332%0)
5 300374503
. 307218903
7 4042573°0)
s $e)2987°03
’ 508340103
10 695381693
1" 7024228°9)
12 Te47030°0)
13 8+43654=03
I« 1.00000-02
[ 200000002
ie 300000002
17 4+00006~02
18 6:00000%02
14 8+00000°02
20 100000001}
L1 2+00000-01
22 4400000704

TABLE 2d.

PrACct )
2417106404
4.82))2+00
273161 ¢00
100863700
1e%460200
1017243900
P,050896-0)
845056%~0)
Te4790%~0)
6:47362-04
60024770
5¢829570)
$5+06988-90)
4,%7197-01
340579501
2+10000~04
1e%9413-0)
1006780=01
8+07691-02
$¢94890-02
3,32092-02
106777602

YAP(L)
eq,86386"01
*1eg?969~G)
~6e07242%02
*4¢224907°02
®3¢23836%02
©2462565=02
*2,207%1~u2
*1090484°y2
e lebTe8=y2
®)e4V455=y2
1 e3N924=y2
*1¢30047°02
*1ejd248°02
*1,00679~02
*7439327°03
*5:32661-0)
~3e98310"y3
=2+53372703
“2,1284)>03
o] e72649~y)
“8.06471~04
4y 1 9887=9y

THE METEOROID VELOCe 1S 20168404

AND THE TOTAL METEOROJO IMPACTS UF TH)S TYPE EXPECTED ARE 1092

Typical pyrotechnic device response data (sample computer printout)

PYRO NOe I LOCATED IN FIRST Xe¥Y QUADRANT AT

* V2w N=-

32

SECTOR ONE CONE

TOTAL NOe« AT EQUIVALENT POSITIONS ON S/C S

LIR R
5¢2000v=04
LR TPV ITOASV F
2e5yugu=ul
5e0u00V"0!
7e5400v~01l
1.0000000

PKACCHT)
1+00000¢02
2+80u000!
3+00U0U*00
8+00000-01
4+00uQ0~0!
1.00000-01

VAP(])
=1+65000%y1
*4+60000%v0
~2¢70000"v!
©6+80000~V2
=3+90000"v2
2,70000~G2

ORIGINAL PAGE IS
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TABLE 2e. Typical meteoroid M-V case positional box score
(sample computer printout)

nas3 GROUP YELOC, GROUP POSITION NO, 9}
PRe ¢10"7
Thg RANDON POS)TION VECTOR IS ,%40¢ 1008 1959

ISHADE® ©  JPANEMR® O NPNLe O ISECTge 2

TNE NORMAL VECTOR FOR THIS CASE IS (X11%) 05088 « 8407

Ox SCORE FOR RANDOM POS)TION Pe41°01 10080y 109600}

NOo» SAFEH|TS 220904

NO, RECONTAM HITS ,00000
NOs NEAR NISSgS (2444g

NOo ESCAPES 435+92

AVEs ESCAPE VELe 027973

TABLE 2f. Typical pyrotechnic device event positional box score
(sample computer printout)

PYRO NOe 1} FUSITION NOe L]
PRe o5)t6
THE RANDOM POSITION VECTOR IS +403) «7598 2244

ISKADE® U IPaANEL® 0 NPNLe § ISECTRs )

THE NQORMAL VYECTOX FOKR THIS CASE S 15559 +8594 w2337

BUX SCORE FOK RANLOM PPS]TION 420301 7:60-01 2¢24%e01
NUos SAFENITS 42087290

NG, HECONTAM mIT> +00Qup ORIG

NUo Ne AR M1SSES JuelUn

NOs ESCAPES 96«48 IIV211;
AVEs ESCAPE veLs 149215 OF POOR QII)IAGE E
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TABLE 2g. Typical recontamination event summary and trajectory
(sample computer printout)

HASS QROUP 4 VELOCe GROUP 2 POSITION NO. 7
PRe +327
THg RANDOM POSITION VECTOR IS t°080 1el?? i7e848

ISHADE® O IPANEL®" O NPNL® O ISECTRe 2

THE NORMAL VECTOR FOR THIS CASE IS vdé2e *5018 8409

POSITION V7 GRA[N SIZE WROUP 4 GRAIN VELOC. GRoUP 6

DIN® 4000704 CUEFRPmoy5844=14 CONSTA® 4222414 PRICHGe +8205~=}4 GMASS® +8042~10 PREDIA® +447}140)
VELMAGe +4963°02 PBVE Ca ¢4058°02 WEIGHTa +3389202 VELVEC® +1800-02 024902 4174-02

STEP  PATH LENGTH X=POSITION Y=POSITION 1«POS|TION PART, CHa: SH=pe~SE E(X) €Ly (Y23 oy
0 0+0000V 10800 11970 19476 8¢204%7=15 0 0 2 183465 09271} 10940 7072
1 405233502 100964 102170 19¢5)2 904288275 002 +8135 9045 1087 el
2 8490538=02 Ieg132 102407 19¢546 90151294}5 0022 07922 o029 je04d Se1)
3 13156 101300 102018 194579 ?+1p%8"15 00 2 7722 v9623 1e7%8 Sl
“ 17347 191469 1e2828 195631 9:074% =15 00 2 07531 8424 10786 LT
5 023501 T 103037 17e642 9.05613=1% 00 2 7347 8230 1e71Y 3004
. 126629 108809 103246 190074 9+03834%}5 002 «7470 *8042 1ea74 306
7 029738 101980 103455 19705 9¢02408+=5 00 2 v 6998 *7859 10635 Jetd
[ ] e33833 102152 1edebd 19+735 940)243%}% 002 16832 0768} 0597 FYY 1
’ €379 102325 1e3872 190766 9000277=)5 002 46670 *7507 19660 338

i0 4599 le24Y9 le4Q8) 19796 8099466~5 00 2 0+0000 0*0000 0¢0000 3¢08
[} "4596% 1e2670 Log28e 19¢826 8:98778%15 002 0.0000 0+0000 0.0000 308
12 14994y 1e2843 Led49e 194855 8+99007°1% 00 2 0.0000 0¢0000 040000 3013
13 +H3914 1e3018 le4705 19884 8098356"}5 00 2 0+0000 0°0000 0+0000 Jelb
] v$7087 1¢319%6 leu9ie 190942 89844415 002 000000 0°0000 000000 3e20
i» ve108) 143375 105134 19940 8+988% =15 0 0 2 000000 0°0000 000000 3029
16 eb5033 143558 145354 19+968 809623315 0 0 2 000000 00000 00000 3020
i " 69806 163742 less?e 194995 8.978545~i5 00 2 0.0000 000000 000000 3.3
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19 077789 Led)19 106029 200048 8¢990b8~ 5 002 000000 0°0000 0+0000 Jead
20 81724 1e4342 116260 200074 8¢98345=)5% [ 000000 0°0000 0+0000 Je8?
2) X TYLE] 104607 Jea4?®s 200100 8098400%5 002 0+0000 0°0000 0¢0000 Je82
22 89464 1e47y5 100733 200324 8+98938-)5§ oo 2 0+0000 0¢0000 0+0000 3e87
2) 093635 1,990 1es97s 204149 8¢98201=19 002 0,0000 0+0000 0,0000 debd
LA 01974606 1eS140 1e7219 20e172 8¢98851°1% 00 2 000000 0°0000 040000 E Y Y
25 100160 105316 Le7468 200195 8+98856~1% 00 ¢ 00000 0+0000 0¢0000 tTR2 ]
26 1egbs? 105526 107720 200218 8¢%80%8~3S 0 0 2 000000 0*0000 0+0000 378
27 Leg982 15729 107976 200240 80984785 002 00000 0¢0000 000000 Je 88
28 1932349 145958 108235 200260 809880715 002 000000 00000 040000 3e0?
29 o746 lebl74 18478 209261 8e99992%)5 092 Q0000 0*0000 000000 Je?8
30 le2l4d 1eb39, Leg765 20,300 80992565 002 0,0000 040000 0,0000 4,00
3 te2bul 1ebb2) 1a%03¢ 200318 8:984633°i5 002 000000 000000 00000 4,06
32 Je2934 lebBuY 1e9310 200336 80989575 Qo2 000000 0+0000 000000 LITR)
33 103335 1s7080 1e9508 200352 8¢98106=)% 00 2 040000 0+g000 090000 e
3y 13733 107314 Je9070 200368 8¢98522=)5 0 0 2 0:0000 0¢0000 00000 422
3% L4 30 107562 240155 2040302 8:98877-)5 0 02 0:0000 990000 0+0000 4027
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b ] 105324 168279 241030 20048 8¢98833=,% 09 2 000000 020000 0+0000 4o 80
e j1e5722 1¢08527 201327 200427 8499)51=9 00 2 0+0000 0°0000 020000 LIY L}
40 100129 108774 201627 204435 8+98200}S 00 2 000000 0*0000 00000 “e4?
4} XX 384 1s9026 241929 200442 809843175 0o 2 0+0000 0+*0000 00000 4¢80
.2 leo9i8 1.9280 2,223 200447 8098990~15 002 040000 0+0000 0.0000 462
L} 1e7017 109535 24259 20,45} 8+94049=)5 0 0 2 0.0000 000000 0.0000 963
“y 17747 1s929g 2.2845 205453 8+98813~i5 0 0 2 G«0000 G+0000 8.0580 484
4s LeB1)® 240045 243153 200454 849809715 00 2 040000 0+0000 000000 488
‘% 1e85)6 200301 2.3460 200454 8¢979¢6°15 0 0 2 0e0000 0+0000 000000 4e84
47 Lea9y7 200584 202767 200481 e 9844536 092 0:0000 000000 0+0000 (1Y 1]
(1] 1e9317 2:0812 2040708 200448 8+98840=8 002 040000 000000 0+0000 (111
(1] 109718 201064 244280 200442 0e?9166~1% 0032 0.0000 0+0000 040000 80
$o 2.011° 201210 204684 200436 8098 %5 o022 000000 0+0000 00000 4.
5 2+.0521 241570 244986 200420 8¢98630=45 0 0 2 060000 0+0000 00000 [TYL)
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[ 1 202074 202619 206120 200382 8e90876~}5 0 0 2  *Je427 «de99) 5% Be??
e 202291 202083 20033 200368 8097695218 0 0 2 =3eded 03926 2470} Pead
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[ 1] 2+3293 20234 246972 204302 Be9948 1% 0 0 2 *deyy? «4.03} 15082 (1] 13
Sy 2,380 2,2004 2,668 20,206 09944« 002 0,0000 040000 0.0000 3.8
60 2e4)61 241807 205366 200273 8:90755~|5 0 0 2 000000 0+0000 000000 ¢80}
[ X} 204680 241658 2+5002 204359 8499019936 002 0+0000 0+0000 0»0000 Joud
62 204954 201311} 20480} 200245 8+982% |8 002 0+0000 0+0000 0+0000 Je4
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TABLE 2g. Typical recontamination event summary and trajectory

(sample computer printout)

TEr PATH LENGTH XePOS|TiON YePOSITION 2=PUS|T|ON
[ 24018 2,0581 24397} 204497
o 2¢0501 200342 203670 200100
(3} 2e0%09 200105 203429 200162
(1] 207360 19870 203162 20143
. 2+7767 109028 202007 200124
79 28168 1e%407 202625 200104
7 200579 149179 202378 20083
72 2.0972 1.895) 202118 200062
73 209274 1080729 20100 204041}
74 2¢9776 108607 290610 200017
7% Jegi7é 18287 23360 194996
Te deghtl 1e8070 201303 194973
12} Jepvel 107854 200000 19:950
78 Jeidet 1e704) 240025 190925
79 Jej780 1e7429 200306 120901
80 302187 17220 2:01% 190877
L2} Je2v8Y [RXTE ) Leo9)l 190882
[} dez2991 146808 Le9477 190826
(F] 30339 146004 lev4te 19000
(1] 303799 18640 19217 19720
3 deslol 1,6206 1ea992 190748
[ 1Y Jeubae 146009 100749 190722
[} Jenv0u 105833 1e8546 190094
[ 1] 309375 1¢56017 1082322 190070
(34 3en76Y 10542) 148002 LIYYL]
0 dealel 109224 1e788¢ 1%0,8
", dee56" 14500 107660 19+592
2 Jeatub 104836 le?844¢0 19¢boé
” de7337 1e8642 10722} 19¢54)
L L] Je7720 le¥%448 127003 19635
” JeB] 4 104254 Let786 190409
L 7S Jeusqu Ledgey teat?y 190464
" Jessed 103869 106156 190930
re 309263 103677 IKYYRL! 1943
7 309636 1348y 105934 190369

100 “,000! 1¢3297 1¢5720¢ 19¢3¢¢

101 “egiu? 163312 145533 190344

102 LI Ty 1e2947 15368 190327

103 “¢ 00! 102708 1e5410 19036

109 No 49l 122383 1047850 19306
108 LENR LE] 102094 10443) 190299
106 402372 ILIL] 1e440} 196292

107 40279% lel5%0 103709 19.287

100 40294 letue2 Tede% 190205

189 4+3039 1+138) 1934602 190200
110 437y 141296 103503 19¢28)

ONTAMINATION RiT ON THIS TRIAL

AL STEP  FINAL PATH LENGTH FINAL (XsY o 2

1 4°33078 U 112y + te3vg ' 1928
SCORL FOR RANGOM PoS|T ON 1008°00 1+20%00 1+95%°¢)
SAFENITS J3ldve

RECONTAM RITS +33g9%1-02
NEAR MISSES 38359
ESCAPES ,51vPy

o ESCAPE YELs 12976
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FINAL CHARGE
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TABLE 2h. Box score example for all positions of the test meteoroid M-V group
(sample computer printout)

80x SCORE FOR ONE METEOROID OF MASS GROUP 7 aAND VELOCe GRoUP
SUNMED OVER 100 POSTONS

NOo SAFEMITS 403240

NO, RECONTAM WITS 51930
NOo NEAR MISSES 35.847
NOs ESCAPES 418500

AVE, ESCAPE VEL, +2657}

TABLE 2i. Typical final box score and angular escape distribution
(sample computer printout includes 4 M-V groups)

80x SCORE FOR QytRALL ENSEMBLL OF MKTEOROID MASS AND yELOUCITY GROUPS
TOTAL NOo UF METLORO|OS IN ENSEMBLE DURING MISSIUN 8942,

NOe SAFEN]TS 59302

NO, RECONTAM MITS 3.0256
NOs NEAR MISSES 1039
NOe ESCAPLS D5e8e88

STANDARD DEVIATIUN FOR Noo OF RECONTAMINATION HITS IS 47394
THE AVERAGE ESCAPE VELOCITY |S  +20S80 N/ SEC

THE ANGULAR D|STRIBUT[ON FOR THE ESCAPED VELOCITY VECTOR RELATIVE TO THE *Z OjRECTION

OtG. NO, ESCAPES
10 el
20 1e70
3pe 216
%0¢ 35.)
%00 led7
60 14608
70¢ Ley?
8Q¢ 4ie¢d
0" 627

100" 699

lioe 699

120 8.50

130 0.4

140 0242

150 Slek

160 8841

i70 7447

180 8%.6

RECONTAMINATIUN PROBABILITY IS 095,47
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IVv. MODEL EXECUTION

A. DISCUSSION OF THE INHERENT ASSUMPTIONS

The total integration of the diverse internal modeling efforts naturally
requires basic and limiting assumptions. We shall separate these categori-
cally into those the model unalterably depends upon and those the user may

arbitrarily define to correspond to a specific mission.

1. Fixed Characteristics

The deterministic meteoroid environment applied to the simulation
follows precisely the analytical expressions for the fluence reported in
Ref. 21, a standard and reasonable description. The model used covers the
interplanetary region of from 1 to 30 A. U, for cometary meteoroids. The
distribution on the fluence was divided into 10 discrete mass groups for this
simulation so that a deterministic evaluation would cover the entire range of
possibilities in 10 passes. This approach avoids the larger number of trial
meteoroid impacts, necessary for statistical confidence, required during a
Monte Carlo sequence on this distributed variable. The meteoroid mass

6 to 10'13 kilograms because the fluence for

range is fixed to cover 10~
larger meteoroids fell to below the 1% likelihood range and the smaller
meteoroids would not disturb the surface enough to eject any dust grains into

a trajectory.

The next assumption in this category concerns the spacecraft configu-
ration. As seen earlier, the spacecraft consists of an element with four
panels and a separate element., The Z axis is fixed along the Sun vector
(for maximum photoelectric Solar cell usage) allowing computational ease in
defining shaded areas on the spacecraft. The solar panels are infinitely
thin-plane sections. The region of the spacecraft considered ''sterile' is the
shaded cone surface and bottom plate of the separate element B (Fig. 15).
This may be changed in CHKHIT (Appendix C). Any grain, ejected from a
nonsterile surface, contacting or penetrating these surfaces, is labeled as
a recontaminating contact. The nonsterile areas, i.e. poten:tial grain ejection

positions, can be modified in RNDPOS (Appendix Cc).
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The interconnecting superstructure of the multiple element body has

been ignored, for lack of a simplified characterization.

The spacecraft surface has a residue of particulate contamination that
is termed individually in space as ejecta. Studies (Ref. 3) have shown that
the physical dimensions of the dust grains that are typically dislodged are

distributed predominantly between 10 and 100 ym, a fixed size range.

Whenever possible within the coding, proposed trial trajectories would
first be tested to see if the magnitude of the ejection velocity was greater
than five times the escape velocity established by the radiation pressure
force in the direction of the Sun (+ Z axis). Those ejecta having sufficient
velocity to escape were labeled as such and their trajectory calculation was

bypassed.

The grains were considered to be launched along the surface normal
vector. In the case of the solar panels, an additional 10% of the velocity
magnitude was randomly added to either the x or y velocity component as
compensation for the fact that the panels are, in reality, not flat, but struc-

tured to allow real grain releases along other than normal angles.

The last fixed characteristic of this model requiring elucidation is the
particular method applied for calculating the electric field. Surface material
on this general style of space vehicle consists of predominantly aluminum
(Al) and silica (SiOZ). The thermal blanket covering the element A section
was consequently presumed Al; the solar panel illuminated portion was con-
sidered SiOZ, with Al used for the dark side, and SiO2 used to simulate the
insulating paint coated on the element B exposed surface. Figure 12 shows
the cross-sectional view of the spacecraft with the assumed component
materials designated. Other arrangements are possible, but the present

model can only employ Al and SiOz.

The electric field in the region of space near any particular surface
was obtained from the flat-plate solution (Ref. 19) previously discussed with
the appropriate shaded or illuminated Debye length and surface value from
the description above. Figure 12 shows, by arrows, the general nature of
the electric field near the surfaces and in the far field. Three exceptions
exist: (1) for positions near (compared to the appropriate Debye length) the

solar panel, the algebraic sum of the surface potential of the illuminated and
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dark sides is formed and then the field is calculated analogously; (2) for
positions in the wake of the spacecraft the field is approximated following
the analysis by Al' pert et al. (Ref. 17); and (3) the far-field case is treated

as an equivalent sphere.

The discontinuous boundaries unavoidably present in this hybrid
approximation in a strict mathematical sense are unacceptable. This prob-
lem comprises the major limitation on the overall validity for the field value.
Essentially, we consider the grain to be influenced by the characteristics of
the nearest spacecraft surface component. This assumption proved usable
upon scrutiny of the initial trial particle trajectories in which the inertial
characteristics more heavily dominated the movement from step to step,
whereas the radiation pressure and electrostatic force effects were manifest

over several intervals of the trajectory.

2. Mission Peculiar Specifications

The specific geometric dimensions utilized follow the configuration of
the multi-element spacecraft and are detailed in Appendix A within the sym-
bolic computer code element named DATAIN, This element forms the user
entry point wherein the actual material and physical parameters needed by the
entire model are defined. The major limitation considered for the surface
impact submodel is that all the impacted surfaces were treated as 1/8-inch
aluminum plate material. The option exists to specify thicker or thinner
plates of different materials (for instance, the thermal blankets or the solar
panel silica) via DATAIN, although the choice of the aluminum yielded con-
servative ejection environments (i.e., more surface activity).

The ejecta were considered as silica dust grains with an original sur-
face load areal or density for grains larger or equal to 5ym of 5.4 X 105/m2
(Ref. 22). The integral distribution of areal density has been assumed to have
an inverse dependence on the square of the particulate size. This dependence
is set by a DEFINE procedure in RELEAS (Appendix C). Any other decreasing

function may be substituted, and the normalization is automatic.

B. OUTPUT DATA PRESENTATION

As the simulation progressed, evaluations were made, at each meteor-

oid mass and velocity group level, of the number of impinging meteoroids
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(denoted as F(I, J) for the (I, J)th mass, velocity group), the number of safe
hits (S(I, J)) per impacting meteoroid, the number of recontamination contacts
(R, (I, J)) per meteoroid, the number of ejected grains that escaped (E(L, J))
per meteoroid, The mass ranges and velocity ranges corresponding

to the meteoroid group indices (I, J) are shown in Table 3.

9 3
Fluence = E E (L J) (22)
I=1 J=1
(mass (velocity

distribution) distribution)

9 3
Safe hits = Z ZF(I, J) X S(1, J) (23)

I=1 J=1

where S(I, J) is the number of dust grains safely recontacting the spacecraft

per meteoroid of type I1J as accumulated during simulation.

Recontamination hits =

3
2 F(L J) X R(L, J) (24)
1 J=1

9
1=

where R(I, J) is the number of dust grains that recontaminate the spacecraft

per meteoroid of type 1J.

9 3
Escapes = 2 Z F(I, J) X E({1, J) (25)

I=1 J=1

where E(I, J) is the number of dust grains that escape the spacecraft vicinity
per meteoroid of type 1J. The overall average velocity of the escaping grains

is given by:
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AL J) % F(I, J) X E(I, J)

Overall average velocity =

3 (26)

F(I, J) x E(I, J)

where A(I J) is the 1J group average escape velocity magnitude.

We note that mass-group 10 meteoroids had a fluence of less than 0. 01

events per mission, and hence, were considered insignificant.

The summary of the hypothetical full simulation results is shown in
Table 4. This table has been separated by velocity groups; each group is
followed by a mission subtotal. The complete enumeration of the model pre-

dictions is referred to by ensemble grand total on this chart.

A less conservative interpretation may be extracted from this data by
assuming only a single nominal velocity for the meteoroid impacts, for
instance, velocity group 1 with the range 1.2 - 2.0 X 10.-4 m/s, and linearly
interpolating (multiply by 3 to simulate the number of total trials) the results.
Also considered here was a pyrotechnic event simulation (see Appendix B).

Comparison of these three approaches appears in Table 5.

The data from Table 4 have been graphically plotted in a perspective
3-dimensional manner as seen in Figs. 16-20. The most immediately
noticeable characteristic is the strong inherent velocity dependence. These
plots all have linear Z-axes and the peak value indicated. The anomalous
hump at the low end of the fluence surface exists because the first mass
range increment is larger than the remaining intervals (see Table 3). It is
apparent that the small meteoroids (10-15 -3 X 10-10 kg) heavily dominate
this distribution. The next figure represents the distribution of grains that
were recaptured safely by the nonsterile portion of the spacecraft. It is
interesting to note that the three surfaces for safe hits, recontaminating
hits, and escapes, respectively, contain peaks within their range of validity.
This means the competing aspects throughout the complete simulation appar-
ently did span the range of actual physical interaction within the limits of

the assumptions.
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The recontamination data are shown in Fig. 18. The nature of the
double hump is elusive at present. The spacecraft may have areas that
could be considered as ""hot spots.'' The random selection of the metedroid
impact position considered 100 choices for each mass-velocity group. The
bulk of the recontaminating events were from either the top of the solar
panels or the element A thermal blanket material. (This is an area that
would most likely yield lower predictions for the recontamination, should the
element A surface be assigned a more accurate thickness and other mechani-
cal property values.) Perhaps the solar panel and element A surfaces have
different ""pass bands' for the recontamination events. The surface posi-
tions allowed for meteoroid impact were on the illuminated region of ele-
ment A, both sides of the solar panels, and the illuminated cone of element B.
Several surfaces were positively charged, requiring the ejecta to initially
have a positive charge. The sterile zone is always shaded and therefore has
about -60 eV in electric potential. When the ejecta were forced toward ele-
ment B by the solar radiation pressure, there were perhaps a few ideal pos-
sible trajectories allowing each of these areas to bring the positive ejecta

close enough to element B to be attracted.

Figure 20, for the average escape velocity, indicates that meteoroids
of up to 3 X 10—8 kg and for all velocity ranges cause grains to escape with
about the same average velocity, and not until the large meteoroids impact
(groups 8 and 9) does the typical value of about 0.2 m/s drastically change.
The relative importance of these escape velocities was studied by weighting
the average velocity of any particular M-V group by the number of grains

escaping, and then normalizing by the total number of escapes. That is

. A(L, J) * F(I, J) * E(I, J
Weighted velocity magnitude (I, J) = 9( )3 = )

Z Z F(L, J) * E(I, J)

I=1 J=1

(27)

Figure 21 indicates this functional surface with the high mass-velocity

groups dominating the spectrum of escaping grains velocities.
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During the execution, as mentioned in Section III. C, the particles
escaping were classified and summed into 18 angular bins corresponding to
0-180 degrees in 10-degree increments. Figure 22 contains the polar plot
of the resultant angular distribution obtained during the simulation. The
spikes in the Sun direction may be explained by the predominant number of
grains that exceeded the initial escape velocity criteria from: 1) the top
plate and upper solar panels, 2) the illuminated portion of element B,
and 3) the element A cone surface. The bulk of the grains were forced
outward from the Sun by the solar radiation pressure. This polar plot lends
further confidence to the overall model and indicates that the electric field
approximation was realistically bounded by the momenturmn properties (the

spikes 1, 2, and 3 on Fig. 22) and the solar radiation pressure force (area 4
on Fig. 22).

C. OPERATIONAL ECONOMICS

This model was executed on a UNIVAC 1108 computer system in a
sequence of runs. The compiled processor occupies approximately 16K of

core and the Monte Carlo/deterministic structure is inherently CPU bound.

Each of the M-V groups and 4 pyrotechnic firings were evaluated
totaling 18.5 hours of CPU time. The present computer rates at JPL
amounted to approximately $4. 7K for a grand total of 2.5 X 105 histories
(some runs were made during Prime Time at increased expense). This

gives a rough factor of about 2¢/history.
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Table

3. Discrete mass and velocity group
index-magnitude correspondence

Mass Velocity

group I Mass range, kg group J Velocity range, m/s
1 10713 _3xi107tt 1 1.2 - 2.0 x10*
2 3% 1071% _3x 10713 2 2.0 -2.8 x10%
3 3% 10713 _3x10712 3 2.8 - 3.6x10*
4 3 %1071 _ 3 %107
5 31071 _3x10710
6 3 %1079 _ 3 x107?
7 3 %1077 .3 x10°8
8 3%x10°8 -3 %1077
9 3x10°7 -3 x10°°

JPL Technical Memorandum 33-737




10+6%11° 90+897¢1 ° 20+L92¢e”’ q0+1212° G01t8¢28¢° sTejo] pueln S[qUasSU
10+1621° So+L86L° 20+L¢02° G0+L621° G0+LG2T° 1ejolqns ¢ dnoxd A3I00TdA
10t0%6%° G0+.601"° 10-0001"° €0+L9S%” 10-0006° ¢ 6
10+1%92° G0+2¥01° 10-0001° FO+1€0T1° 10+00ST° € 8
00+02%S " S0+t96¢€¢” 10-8819 ° $0+69%1 ° 20+08¢€¢” 3 L
0040991 * GO0t6LLT " 1o+glel” $0+8L9¥% ° €0+9221° ¢ 9
00+04GLT " ¥0+2£€S” 10+69¢%° $0+09%¢ ° $0+996%° € ]
00t+0L22" $0+8G11 " 10+0T€T° $0+¢001 ° $0+9G¥%1 ° ¢ 14
00t+06¢T €0+1261° 20+L20T1° €0+¢99¢ ” $0+020¢ ° € ¢
00+048T1 ° 20+3¥61 ° 10+2261° 20+t9G6% ° $0+t9¢12” ¢ 4
00+09%2° 20+¥822° 10+2901° 20+E¥8S ° $o+21€9” ¢ T
00t9€96 ° G0+9¥5¢ ° 10+t£966 ° $0+5129 ° $0+92¥%6 ° Tejoiqns z dnoxd £310019 A
10+e2Le” $0+09LY 10-000T1"° €0+€861° 10-0009° Z 6
10t2L91° $0+$G2G° 10-0001"° €0tL61S° 10+021T1° Z 8
00+066¢ ° q0+t¥841 ° 10-6961° €0+g949L8”’ 20+06LT " Z L
00+0821° $0+620L° 10+9e%2” ¥0+t20592 ° 2010616 ° Z 9
00t0%61( ° $0tL002° 10tgLsE ’ ¥0+824l’ co+peLe” Z S
00+t0912° €0+G18% " 00+09%G ° €0t¥$2ey’ ¥0+2601 ° Z 174
00t+08sT1 CoOtPLYL” 10+98a1 ° €0+91¢T1 $¥0+5922° Z 3
00+t050¢° 20t6001 ° 00+0108° 20+9491¢”’ ¥0+2091 ° 2 4
00+0622° 10t68L2° 10-000T1° 10+0LSL° P0+¥86¢ ° 2 1
00+1889 ° GO+GHIT " 10teves” yotLeve” $0+¥829 ° re3oiqns | dnoxd £310019A
[0+L$EC’ $0+6s61” 10-0001° 20+t2%1I8° 10-009%° 1 6
00+0¢16 ° $0+0661 ° 10-000T° €o+t6c61” 00+00GL "’ I 8
00+09¢2° ¥0+086%° 10-8819° €0t86L%° 20410611 ° I L
00t0121° $0+0¥81 ° 10+1LET° $0+8%01 ° 20+0219 ° I 9
00t06€2 " £0+89¢¢q”’ 00+%$129° €o+96ed”’ €0+e8¥92” I g
00+0681° €0+0191"° 00+8L2L° cot61el” €0+8LZL " I 4
10-0066° 20+99¢¢” 00+0¢S¥° 20+896% - $O0+01GI1° I ¢
00+0€8T ° 10+8901° 00+890T1 ° 10+¥882° $¥0+8901 ° 1 Z
00+01¢€2” 10t¥6ST ° 10-0001"° 10+G1G6%° $0+9992° [ 1

s/w ‘A31007194A | sadedsy s31Y sy (r ‘1)g s3oedwiy | dnox8 £310070 A | T dnoad sselN

adeosqq UOT}eUTWRIUODIDY ayeg

PIOIO9Id N

uotsstTw 3yerdaoeds JeonyayjodAy ayj JO UOTIBINUULS 9} WOIJ UOTINAIIISIP ejep ndInO  “§ 2198l

45

JPL Technical Memorandum 33-737




¥ ¥6 °1 000 ‘s¢ 6%8 I SEUMMWMM
. . . . £A31007194
2¥8 "81 690 6¥€ P 182 7L 01 P10I0939W TRUTWON
' . L3 ] .%
6L2 ‘82 ST°1 8LL ‘921  S12°12 €€ T ez aenon
S3U9Ad OTUyO3j01Ad s /w ‘Aj10079A sadeosq sy s31Yy 1°POIN
-~ gj3oeduur adeosas ayeg UOIJBUIUWIBIUODIY
P10a0939 I adevioAy

jy317yooeds 1ed139yjodAy ® 103
STSA[BU® UOT}BUTWEIUODSI JO SI[NSAI Jo Arzewwng °g 9[qe],

JPL, Technical Memorandum 33-737

46




MAJOR PEAK AT (1,3)
OF 5.312 x 10° IMPACTS

MINOR PEAK AT (3,3)
| OF 3.02 x 10% IMPACTS

Fig. 16, Mission micrometeoroid fluence distribution
over meteoroid mass and velocity groups (after NASA
Ref. 19)
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PEAK AT (6,3)

OF 4,678 x 16°
GRAIN HITs

F(l,4) *5(1,J)

“Fig. 17, Mission safe-hit distribution over meteoroid mass and
velocity groups
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MAJOR PEAK AT (3,3)
OF 10.27 GRAIN HITS

F(1,3) *R(1,J)

MINOR PEAK AT (5,3)
OF 4,369 GRAIN HITS

Fig, 18. Mission grain recontamination distribution over meteoroid
mass and velocity groups
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PEAK AT (7,3)

OF 3.396 x 104
GRAINS
ESCAPING

F(i,J) * EQ,J)

Fig. 19, Mission grain escape distribution over meteoroid mass
and velocity groups
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PEAK AT (9,3)
OF 4,94 m/s

A(l,J)

Fig, 20, Mission average escape velocity distribution over meteoroid
mass and velocity groups

}AGLIF(LI)E(L) PEAK AT (9,3)
zl f F(1,)E(1J) RELATIVE

Fig, 21, Weighted average escape velocity distribution over
meteoroid mass and velocity groups
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180 170

Fig. 22, Escaped grain

angular distribution
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V. CONCLUSIONS

The major objective of this research was to study the effects of typical
mission environments on the distribution of particles on spacecraft surfaces.
Specifically, the various migration mechanisms that result in particulate
redistribution were investigated and quantified. The ulﬁmate goal was to
develop a methodology and quantitative analytical tool for the evaluation of
the recontamination hazard for various planetary missions and mission

strategies.

The results obtained for a simulated hypothetical mission of 300 days
are given in Table 5. These indicate that within the limits of the stated
assumptions, a total of 28,279 meteoroids impacted the craft causing 148, 026
grains to be ejected (less than 1% of the total load) with 126, 778 escaping,

21, 215 recontacting the spacecraft on safe areas, and 33 recontaminating
element B sterile zone. The pyrotechnic events added another 35, 000
escapes, 849 safe hits, and 1 recontaminating grain. Assuming a Poisson
distribution for the statistics, we see that the expected number of particulate
recontamination events is 33 with a standard deviation ¢ (33) = SQRT(33) = 5.7

and that the probability of one or more recontaminating events occurring is
Prob (recont.) = 1. - exp(-33) = .9999. . . (28)

The numbers predicted scale directly with mission elapsed time and particu-

late areal density.

The general structure of the computer software (see Appendix C)
allows the ready application (with few modifications) to studies of varying
natures. For instance, the sterile zone may be redefined easily to be the
cylindrical area of space observed by the Canopus sensor in the near field
to count the predicted number and velocities of the grains traversing its
view; particular meteoroid classes may be studied; various impact locations
may be designated; spacecraft geometries that may be interpreted as degen-
erate cones are applicable; the ejected particles captured by planetary bodies

during flyby may be studied; etc.
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APPENDIX A

INPUT ELEMENT DATAIN DESCRIPTION
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Each particular spaceflight mission simulation requires specific
parameter definition in order to identify material constituents, interplane-
tary setting, etc. The following computer listing, Table A-1, shows the

symbolic code used for the hypothetical mission discussed earlier,

The common block section provides the interconnection map which
transfers data throughout the general computer program. The parameters
have been arranged into groups corresponding to their general use. The
first grouping is for the meteoroid impact model and grain release routines.
The variable ACCMIN is the threshold level for surface acceleration below
which dust grains are not released. Array ADRHO contains the material
density of the ejected particle for aluminum, graphite, and silica. AKM and
SIG are parameters that were obtained from a best fit of the particle adhesion
model to an experiment (Eq. 4). APVEL is the array that holds the three
meteoroid velocity group magnitudes. E is Young's modulus for aluminum,
H is the presupposed thickness of the target surface. MAT is the variable
that designates the material assumed for the ejected dust grain. PO is the
loading function (detailed analysis appears in Ref. 3). Finally, RHO speci-

fies the target density (aluminum).

The next grouping concerns the parameters necessary for electric field
and potential determination. The AMAT array determines the material
(either aluminum (Al) or silica (SiO3)) for the spacecraft sections as indi-
cated. The arrays A and B contain material dependent coefficients obtained

from an empirical equation for the secondary-emission coefficient of the

form:

A - B &%

= 1
« kTe - e¢o (Al)

where I =1, 2, 3 for aluminum, carbon, and silica respectively, kT, is the
Boltzmann constant times electron temperature and e¢, is the current poten-
tial (both in eV). (Note: Actually A and B also depend weakly on kT, so
values are valid only for kT, near 20eV.) Array EL is the Hollerith dic-
tionary reference for the AMAT array. The other electrical parameters

are self-explanatory.
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The next grouping covers the basic spacecraft parameter identification
scheme. The origin is one Debye length from the bottom plate of the model.
The parameters SP1-SP4 and SP01-5SP03 are measures of distances in the X
axis direction, whereas D1-D4 indicate the Z axis dimensions of the cone
altitudes and inter-element spacing. Following the geometric inputs are

arrays that contain solar spectrum energies and yield values as noted.

Finally, the miscellaneous variables appear and are mostly self-
explanatory. Kl must be fixed at 10. The entries for N1 and N2 end up
being default values because they are read in again via input case card.
SRMIN and SRMAX specify the heliocentric limits for the mission, whereupon
the fluence evaluations are computed using the geometric mean of these end

points.
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TABLE A-1. ELEMENT DATAIN SYMBOLIC LISTING

BLOCK DATA @ INFUT OATA FOR THE SUBROUTINES.
c
c CCMMON BLOKC1 CONNECTS DATAINe MAIN AND RELEAS.
COMMON /BLOKCY1/ AKM+DRHO ¢+ K19?RBVEL(35+10) +CR(101+SIGe DDOIACLO)
1+ ANPARTsANNORM 9PRBDTIA(IC)
c COMMON BLOKCS CONNECYS DATAINs MAINs RELEAS AND YANG
COMMON /BLCGKCS/ KOePMASS,»PRHC oRS(’S)oFVAP(J‘l.FPKACC(B‘) RHO
c COMMON BLOKNC TONNECTS DATAINe MAIN AND YANG1.
COMMCN /BLOKGE/ EsHeNUSPDsISKIP
c COMMON BLOKO8 CONNECTS CONTAMe CATAINs MAIN AND PARPOT.
CCMMCN /BLOKCS/ DIM+FATHMX»SReVELMAC
c COIMMON RLOK17 CONNECYS DATAINe MAIN AND YANG1.
COMMCN /BLOK17/ PVELACCMIN
c COMMON BLCK18 IN DATAINsTFIELDeESURF+MAINeRNCPOSeSCPLOTeSHADEs AND CONTAM
CCMMCN /BLOK28/ SP1+SP2+SP3sSPY
c COMMON BLCK19 CONNECTS CATAIN, EFIEL0e ESURFeMAINe RNDPOS AND SCPLOT.
CCMMCN /BLOK19/ SPC1+SPL2sSFL3
c COMMON BLCK24% CCNNEZTS EFIELDe ESURT MAIN ANG DATAIN.
COMMON /BLOKZ4/ALAMBI(2) s ANPHLT (209 AKFHOT U2 J0EFEL(2)+EFEDIZ)eDER
IAHATKSloEL(’)'DHIaL(Z)vPHIED(ZDvA AMAVe PHIAVE
c CCMMCN BLOX2€ CONNECTS CATATNe MAIN ANC FARPCT,
COMMON /BLOXZ6/ MATsAV?
c COMMON SLCK2E CCNNECTS DATAIN ANC PARPCT,

COMMON /3LOKZ8/7 A(3)1eB(3) ¢+ MATROS(3)oSOLSPCIL135+2)sYIELD(15e3)eYIEL

10P(1642) , .
c COMMON BLOK22 CONNECTS DATAINSEFIELISESURF+MAIN ANC PARPOT.
COMMON /BLOXZ9/ AKTEsAKTPsANE

RELEAS.

c COMMON BLOK 3C CONNECTS .DATAIN ANG MAIN.
COMMCN /BLCKID/ADRHO(3)9D1+D2¢03¢CloNLIoN29SRMAXsSRMIN
10EPSILNsELECT yAPVEL (3) ¢ TMISS o XPLOT
"
c INPUT DATA FOR METEOROID IMPACY AND GRAIN RELEASE RCUTINES.
¢
DATA ACCMIN/C.031/ @ MINTIMUM ACCELZRATICN OF INTEREST.
DATA ADRHO/2700.s225C.s24C0./ '@ ALUMes GRAPHITE AND SILICA.
CATA AKM/-.882/ SIG/.%007/ @ STATISTTCAL QUANTITIES NEEDED FOR
CATA APVEL/1.EC492.4E492,2F4/ d METECRGIC VELOCITY VALUES.
DATA E/6.337E10/ 3 YOUNG®S MOOULUS.
CATA H/3.175€E-3/ & TARGET THICKNESS (METERS.)
c MAT -- NUMBER DEFINING MATERIAL OF PARTICLE. 1 = ALUMINUM,
¢ 2 = GRAPHITEs 2 = SILICA
DATA MAT/3/ @ CHOSEN FOR SILICA.
DATA NU/.25/ @ POISSCN®S FATYO.
DATA PO/1.74E9/ 2 LOADING FUNCTION (N/MeM,)
DATA RHO/2.683E3/ 38 TARCET DENSITY. (ALUMINUM.)
-
c GENERAL INPUT CATA FCP THE ELECTRIC FIELD AND SURFACE POTENTIAL
¢ AND PARTICLE POTENTIAL RCOUTINES.
¢
c AMAT SPECIFIES THE MATERIAL OF THE SPACECRAFT SECTIONS.
DATA AMAT/®AL % *AL *o*STIC2°s AL ¢ *AL 9 AL "+ *ST02%9*SI02% "SI02°/
DATA A/7.67¢2.76¢10.17 / 3 WEAK DEPENDENCE ON AKTE. '
CATA E/ 430y ,1224 ,382/ ® WEAK TEPENDENCE ON AKYE.
DATA EL/®AL'+°*ST02°/ & FOR ALUMINUM AND SILICA.
DATA AKTE/20,/ @ BCLTZMAN CONSTANT TIMES THERMAL ELECTRON TEMP.
DATA AKTP/10.7/ @ BOLTZMAN CONSTANT TIMES THERMAL PROTON TEMP,
DATA AVF/4 ,25E5/ @ THE PROT CN DIRECTEC VELCCITY.
DATA ANE/5.E6/ @& PRCTON NUMBEP CENSITY.
DATA AKPHCT/2,42./ 3 PHCTOELECT RON TEMP (EV)
DATA ANPHCT/1.E9+1.E87/ & PHOTON NUMBER DENSITY. (MKS)
c ANPHOT/ZANE .GT. AKTE/AKPHOT .6T. 1.C MUST OBTATIN
c
c SPACECRAFT DIMENSIONS
c
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TABLE A-1

. ELEMENT DATAIN SYMBOLIC LISTING

(XsY CYLINDRICAL SYMMETRY)

SOLAR PANEL

/
/

/

1 SPACE-CRAFT MODEL

1 SIDE VIEW

1

1 SPO1L

1 /

1 AMAT(1) 7/
25-D1ssss028520s

1 »

1 ®

1 . AMAT(2)

1 e

i L4

1

1 .

1 .

1 <Pl . SP2

1 / - /

1 / * / AMAT(3) /7
Z8->1S7 -SPessseeesssssersseSP-SP-SP-5P-SP_-SP-5P-5P

1 AMAT(5) AMATH)

i sPC2

1 /
Z3‘>1‘.-‘oo‘é?é{@%cc.--.o AMAT”)

1 ., SF4

1 L /

1 s, [/
22-D1ls o & e e o * s o )

1 *

1 N-3 ot

1 A"J 3

1 S---P . \AMAT(B)

i A----L -®
Zl')l.o...o.o..on.o.‘.o‘

1 AMAT(9)

1

1 SPO3

1
et e mtarheldih st e X-AXIS-~-

5P3

WITHS
Z1=0EBYE(CALCULATED
22=2i+01 WITHIN)
23=224D2
24=23+03
25Z24+04

C1l-4
SP1-4,4SP01-3 ARE
USER SPECIFIED

THE ARRAY MATPCS POINTS TO THE FIRST NON-ZERO YIELD FOR EACH MAT.

DATA MATPOS 7 1+ 3»

6 7

THE ARRAY SOLSPC CONTAINS VALUES CF ENERGY IN ELECTRON VOLTS ¢ TRANS-
LATED FROM WAVELENGTH OF THE SOLAR SPSECTRUM) AND THE SOLAR
IRRADIANCE AS AN INTEGRAL FR (M WAVELENETH=C.C CR E-INFINITY.

WD IO NEWNI-

EWN =N

DATA

CATA

(SOLSPCI(Is1)s I=1y 62}

«C3583,
«G7750,
«13778,
«26383
+31CC0.,
«37575
0“7692'
+65263
{SCLSP
1.03333
1.550CC»
1.77143,
1.9375C»
2,C8403.

200124,

08133,
«08267¢
*155G0,
«26957.
«21795,
« 38750
'“98000
«58889,
C(Ieldoe

/

«01240, «01550 0020670

«08S60s +CE2C0s .CES5260
«08857+ .09538¢ 10333
17718y .2C667¢ 24ECCo
«27556¢ .28182¢ .28837,
232632 32514 34444,
«4000Cy 413339 42759
«S1667s 53912 ,56364
«T72941y ,T77500¢ o925E67,

I=63s 11€}

1412727y 1.240C]
1.653330 1.6756¢
1.73710s 1.82353,
1.96825¢ 2,.0C0CCy
210170¢ 24119635,

/
1.30526' 1.37
1.69863y 1.72

«NE88Y,
«11273
«2E306
029524
«Z5429,
'~“2850
«5CS048,
«88571

«02480¢ 031000

«07294,
«12400
«25833,
«30244
«36871,
0“59250
«6200Cy
«95385 /

778y 1.45882

222y 1.

1.85075¢ 1.87879, 1.

2.03279» 2.04

859y 2.

20137939 2.15652¢ 2.
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74648,
90769
CEEB T
17544,




26419469,
2.317760
2. 45545,
2.61053,

® ~NOAWm

DATA
2.786520
2098795,
3.22C78,
3.492%
3.81538
4.2C329%
4,67925
S5«276ECY
6.52632

~N~ oV EWNEOY

DATA
8 10.33333y
9 13.777178,
S 20.66€67¢

(SOLSPC
135.29829

DATA

135.2775¢

AN E N

130,403
{SOLSPC
i33.818»
132.889
130.796y
1264491
114,116,
8547234
66.1139,
577159
49,1079,
{SOLSPC
44 .0289,
38.88220
33,4214,
27.6U422
21 5024,
16,0439,
11.150 S
T.T4355
4,49631,
(SOLSPC
1451741
« 657150
e 227385,
027785,
«CCC78,
+CONS272,
+CCOSC10y

DATA

N EWNH OWOVO

DATA

EWN=NTWE 4N

DATA

“uwwNam

DANCE FOR THR

OO0

CATA YIELD
€eJE~ 3
2.TE~T»
4e TE- 3
Coerv Dur 1

8+5E-20

aoneEwWwN

(SOLSPC(Ivi)ey

135.,29328

135.236C6€»
134.91806,

+CLCC73,

3e2E-2>
1.1E-5¢
1.8E-2¢

elv

TABLE A-1. ELEMENT DATAIN SYMBOLIC LISTING

20238289 2.234822»
233962 2.35180.
2.48000y 2.5050°%,
2638309 2.66667
Iz117, 17C)
2481818¢ 2.35057
3.02439y 3,.C6172
3.26316+« 3.3066T7s
3.54286r 3,5942C,
3.87500¢ 3.936519
§,27586¢ 4 ,3508¢
4476923¢ 4.86275,
5.39130» 5.,51111»
688889y T7.29412,

(SOLSPC(Is1)» I=171s 185}

10.78261,

22.5454S¢ 24,8300
(I¢2)9 I=1v 36} /
v 135.29801s 135.2
135,28776s 13%5,2
v 135.27321¢ 13542
135.215C6»
134.63905,
138,341r 134,272
(I+2)e I=37. 90}
133.7C2y 133.572»
132.6456¢ 132.361
120.28€y 129.69¢
125.346¢ 123.921
110.4569 1C6.05¢€y
81.0309¢ 75.793%
BU.7849y 63,4284
SEe217%e 54.6893,
48,2797, 47,4427
(I+2)0 I=31y 18%)
“3.1712' 4221€Sy
Te3973¢ 3T7.0377
324927y 315422
26662979 254600
2Ce4857s 19e5C27»
151832¢ 24.3C2Te
10.5792s 10.03C2»
741935569 6.55591
2.96191¢ 3.,45341,
(Ie2)9 I=145+ 135)
1628169 1.,3EZEECy
«548160s +443910»
+29356Cy 162987y
«C10985¢ 004282
«C0C59992,
»000%222, L,COO522
~00C4984ys ,COCH2Z

THE ARRAY YICLD CCNTAINS THE VALUES

EE MATERTIALS.

/71.CE-T»
7.QE-20
3e2E-5e
2e5E-20
1.9E-3¢
«062 /

3.0

«CE~-4o
ol

1.0

3.1E-5
«15»

Ze5E=2s

2258585,

2.38452,

2.53C€E1,

2469565,
/
2488372,
2.10C0CCy
3.35125,
3.647C6
4.00000,
§ 42657,
“0980000
£.,63636,
T.75000
/

o/

135,30y

9735,
8596
6801,

134,199,
/

133.433,
132.031
129.C3¢€
122.116.
1CC.E76»
6929384,
€2.0829
5341329,
46572
/

41.4€E6%
35,1827
ZCET7ET
24 458C 9
18.57C7
1344224,
S.4TEEG
6.11191,
200226,

/

1.03871€
«365160
exIlHES,

«C023C0Cy

«CCCET2CCy
Sy L0CO5121,
2y LCCCHESE

02'
E-5Se

E-2¢
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135.29671,

135,26091,

S8.6E-6¢

2427523y
2.“0777'
2.55€7Cy
2472527

2431765
212524,
34337260
2.,7C14¢,
4.06557,
4.509C¢y
5.06122»
5.908476
8426667

11.27273s 11.80952+ 12.%0000
18,588249 15.5(CCCr 16.52233,

134,116

133.2717y
131.661
128.3C1y
113.886
93.9€859
68.6909
60.6284,
51.5469
45 .T442

40.6132
3542592
29.6C12
23,5607
17.7C24y
12.5737
8.9CE41y
Se57141
2.6N266y

«8S7¢21Cy
«30666C
«C9B6E85y
+0C135C0

.27'
7.“E'“'
2.5E-20
G 0E-2y

3e¢1E-5¢ 1.6E~-4

231 2%y
JJ1E-8y
2.56-2'
23C~20

2429630
243137,
2.568333,
2475556 7

2.35238,
3.17949,
L RYTITL Y
3.75758,
4.12333,
8 ,59253,
5.16667,
6.2CCC00
8.85714 /

13.05283

17.7142€y 19.C7692»

135.29865¢ 135.29855+¢
135429556
13£.28376» 135.28101,
135.25056
13£,183569 135,134856s 135.05506
134 ¢599¢ 134.5560 134510+

134459

134,025+ 133,926/

133.098
131.251,
127.456,
117.231¢
90 .03 34,
674159,
52,1869
49.9284.,
44 2874 /

39,7519
3“03379'
28 46237
22.
1€ .ET769,
11.8054,
8.321%1,
5.03566
2.260481 7

5322

«76266Cy
«263060.
«567985,
«C00330
«CCCS5657C
.0C050E 9,
«CCCHEBES

«00C5526
«0005027,
/

FOR THE YIELC IN EACH ENERGY

B6E-Ue
.12' C.' 0.-
1.3E-3»

CeCr» Cor Gor
6+8E-20
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TABLE A-1. ELEMENT DATAIN SYMBOLIC LISTING

THE ARRAY YIELDP CONTAINSZ FIRSTe SEVERAL VALUES OF ENERGIES
(ELECTRON-VOLTS) DIVIDING THE YIELD (ELECTRONS/PHQOTON) DATA INTO

2
3
4

RANG

DATA

MISC

DATA
DATA
DATA
CATA
DATA
DATA
DATA
DATA
DATA
DATA
END

ESe AND SECOND THE AVERAGSE ENER3Y VALUE FOR EACH RANGE.

YIZLOP / 809 4425¢ 8,750 SeS5¢ 650 TeS5¢ 84590 J459
1050 1159 1259 13.50 1459 1559 22e5s 2759 4212 B.5

Set et Ter Ber 09 1049 Llier 1249 136 1840 15+¢ 1940
25.' 0. /

« INPUT FOR THE MAIN DRIVER.

ANPART/E.4ECS5/ @ CONTAM AREAL CENSITYeGTe5 MICRONS(Mse-2)
ELECT/1.6E~19/ @ ELECTRONIC CHARGE (MKS.)

EPSILN/8.B5E-12/ @ FREE SPACE PERMITTIVITY.

KPLOT/07 @& O-NO PLOTe 1-PLOT THE SPACECRAFT.
K1/10/ & NUMBER COF EJECTA DIAMETER BINS.

N1/2/N2/%/ @ OUTER AND INNER LOOP INDICIES RESP.
PATHMX/2C./ & TWENTY PMETERS FCR WANT CF A VALUE,
PRHO/500.7 3 METECROIOD DENSITY. (MKS)

SRMAX/1.5/SRMIN/1./ & FELIOCENTRIC RADII LIMITS.
TMISS/300./ @ MISSION DURATION - DAYS.
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APPENDIX B

PYROTECHNIC EVENT MODEL
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The pyrotechnic model used for the simulation is comprised simply of
two parts: a plausible value for the surface acceleration related to the particular
pyrotechnic device of interest (that decreases exponentially with range - see
example in Table 2), and a means of localizing the pyrotechnic device on the
geometric model. The choice of the surface acceleration, of course, depends on
the pyrotechnic device and will not be discussed further. The means of localiz-
ing the device is accomplished by using the standard random position selec-
tion subroutines (RNDPOS) modified as follows. In Fig. 15, the names of the
areas of the model that are considered contaminated are: ATP, the area of
the element A top plate; ATS, the area of the element A cone surface; ASP,
the solar panel area (both top and bottom); and AII, the nonsterile cone sur-
face area of element B. A linear mapping relates scalar values (normalized
by the total ATP + ATS + ASP + AII) to geometric areas on the spacecraft.
The input of two limiting scalar quantities (e.g., the pyrotechnic data card
on Table 2) establishes the definition of a specific subarea of spacecraft for

the pyrotechnic event grain ejection study.
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APPENDIX C

MODEL SYMBOLIC LISTINGS
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The FORTRAN symbolic codes describing the main driver and the
subroutines are now listed. The brief general nature of each element is
shown in Table C-1.

Table C-1. Brief functional description of the driver programs

and the subroutines

Program
Names Functional Description
CHKHIT Cone region surface recontact determination.
CONTAM Particle transport control coding (no printout).
CONTM2 Same as CONTAM with the trajectory, etc. printed.
EFIELD Electric field of the model spacecraft.
ESURF Spacecraft surface potential calculation.
FULBPS Driver used when surface effect and meteoroid model
data input on cards.
FULDET Driver that contains the meteoroid model/impact model.
PARPOT Potential of the ejected particle.
PYROM Pyro event driver.
RANDNO Random number generator.
RELEAS Particle release effect model.
RNDPOS Random ejection location code.
SCPLOT Plot profile of spacecraft.
SHADE Determine whether ejecta are shaded.
SPHIT Determine if a solar panel was hit.
THINPL Thin-plate meteoroid impact model.
TRAJEC Incremental particle trajectory code.
TRANSL X-Y Symmetry maintenance code.
VNORML Calculate initial normal vector for ejecta launch.
YANGI Driver for thin-plate impact code.
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SUBROUTINE CHKHIT

SUBROUTINE CHKHIT
esss  NASA (JPL ssss  9/12774 wsee D,EDGARSe EIONETICS ssse

sees
THIS ROUTINE CHECKS WHETFEP £ PREVIOUSLY FREE FARTICLE(POSVEC) COMES
IN CONTACTINZWPOS) WITH THE TONICAL SPACECRAFT AREAS. THE SC MODEL
CATA REGUIRED ARE ACCESSED VIA CCMMCN BLOCK AND ARE CEFINED AS
ENCCUNTERED.
A SEPERATE SUBROUTIMNE MCNITCFS THE SOLAR PANEL ZONE AND IS CALLED
WHEN THE PARTICLE APPROACHES THEIR PROXIMITY.
DEFINITIONS:
(1) XYZ(3) IZ THE NEW(PRESENT) POSITION OF YHE PARTICLE.
(2 IS IS THE INDEX CENCTING €S FACECRAFT SECTOR OF INTEREST.
(3) IH1 IS THE SAFE SURFACE HIT INDEX. (OQUTPUT)
(A) C-DID NOT CONTACT SAFE SURFACE
{8)1-CI0 CONTACY SAFE SURFACE
(§) IHZ2 IS THE INCEX CENOTING '
(A} C - DID NOT CONTACTY STERTLE SURFACE
(8) 1 - DID CONTACT STERILE SURFACE.

OO0

sess
REAL NEWPCS

COMMON BLOKO2 ZONNECTS CHKHIT, MAINs RNCPOS AND SHADE.
COMMON /ELOKC2/ AL(4)

o

c COMMON BLOK0O3 IN CHKHIT»CONTAMs MAINySHADE+SPHIT+TRAJEC AND TRANSL.
CCMMCN /BLCKCS/ NEWPOS(3)

c COMMON BLOX13 CONNECTS CHKHIT. CONTAMy MAIN AND SPHIT,
COMMCN /BLOK13/ IHIT(2)

c COMMON 3LOK1S IN CHKHIT»CONTAMyEFIELD+MAINIRNOPOS+SHADE+VNORML.,
CCMMCN /BLOK1S/ ISECTR

c COMMON 3LOK2C IN CHKHITe EFIELDes MAINs RNOPOS s SHADE AND yNORML.
CCMMON /BLOK2C/ TANTHIsTANTHZeTANTHI T ANTHS

c COMMON SLOK21 IN CHXHIT+CONTAMGEFIELD+MAINeRNDPOS +SHADEeSPHITeSCPL

CCMMON /BLOK21/ Z1¢22+2392Z4025
EQUIVALENCE (XYZ(1)eNEWPOS(2)) o (ISECTReISY o (THIT(1)eIHL)» (IHITL2),
1Iu21
DIMENSZION XYZ(3)
GO TOC100s2CCy» 30CYs IS
100 IF(XYZ(3).GY.25) 60 YO 15°¢ 2 IN SECTOR 1
ZSC= SARTIXYZ(1)eXYZ (13 eXYZ(2)#XYZ(2))sTANTHI + ALL3)
IF(ISC.LTLXYZ(3)}) GO TO 15C

12 IH1:=1
TH2=0
RETURN @ HIT SAFE SURFACE.
150 TH1=C
In2:=C
RETURN @ N0 HITS REGISTERED.
20C IFEXYZ(3) .GT,Z3) GO YO 15¢C & IN SECTOR 2
ZSC= SARTIXYZUL)eXYZ(1)+XYZ(2)9XYZ(2))sT ANTH2 +AL(2)
IF(Z2SC LT XYZ(3)) GO TO 150
G0 T0 125
3CC IFE(XYZ(3).LT,Z1) GO TO 150 2@ IN SECTOR 3
ZSC= SARTIXYZ(1VeXYZ(1D eXYZ(2)0XYZ(2) )T ANTHL +AL (1)
IF(2SC.GT.XY2(2)) GO YO 1S5S0
IH1=C
TH2:=1
RETURN @ HIT STERILE SURFACE.
END

ORIGINAL PAGE
OF POOR QUAuzg
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SUBROUTINE CONTAM

SUBRCUTINE CCNTANM

seene [ A RN ] [ R X2 7]
sees MNASA JFL esss  9/17/74 %ees D,EDGARSy BIONETICS ssse
crses seses sssve

THIS SUBROUTINE COCRDINATES THE TRAJECTORY ANALYSIS FOR THE EJECTED
GRAIN UNTIL THE GRAIN ACHIEVES ONE OF THE SOLLOWINE CONDITIONS:

1-THE GRAIN RECONTACTS AN ACCEPTA3LE PORTION OF THE SPACECRAFT
KHEREUPON THE VARIABLE I#ITE1} IS SET 70 1 - SAFE HIT.

2-THE CRAIN TRAJECTCRY SURFASSES THE PRESCRIBED MAXIMUM PATHLENGTH
OF PATHMX (28 METERS) - ESCAPED,

3-THE NUMBER OF TRAJECTORY INCREMENTS EXCEEDS 500 STEPS - ESCAPE.

4-THE GRAIN HAS RECONTACYE) AN AREA OF THE SPACECRAFTYT CONMSIDERED
STERTLE WHEREUPON THIT(Zz) IS SET Y0 1 -~ RECONTAM HYT.

CURINC THE EXECUTION THE PARTICLE IS KINEMATICALLY PROJEC TED FROM
AN INITIAL PCSITION THRU INCIEMENTED POSITIONS USING THE PARTICLE
CHARGEs THZ ELECTRIC AND INERTIAL FORCCS EXPERIENCED BY THE
PARTICLE AT THE INITYIAL LOCATION OF EACH INCREMENT. THE NEW POSI-
TION IS SYMMETRICALLY MAINTAINEL IN THE FIRST OCTANT AND MONITORED
FOR THE HIT CONDITIONS MENTIONED.

THE PARAMETERS ARE

PCSOLCI2) - POSITICN VECTOR (INITIAL CONDITIONS). INPUT
VELOLDI3Y - VFLOCITY VECTOY (INITIAL CONDITIONS). INPUT
GMAS - THE PAPTICLE (EJECTED MASS) INPUT
VMAG - YHE VELOCITY MAGNITUDE INPUY
ISE - DEFINES THE SECTOR OF CONCERN. INPUT
IP - DEFINES CONDITION WHERE? INTERNAL/ZOUT

1 = PARTICLE UNDER A SOLAR PANEL.
0 = PARTICLE NOT UNDER A SOLAR PANEL.
ISH - DEFINES CCNDITION WHERE? INTERNAL/ZCUT

1 = PARTICLE SHADED FROM SUN(OUTSIDE WAKE)
€ = PARTICLE NOT SHADED FROM SUN.
-1 - PARTTCLE SHADED FRCM SUN (INSIDE WAKE)

sve e esse sesn s9es
RZAL NEWPOSeNEWVEL

CTMENSICN PCSCLD(3)y POSNEW(3)s VELCLD(3) s VELNEW(3}

COMMON 3LOKO4 CONNECTS CONTAMe MAINe PARPOTs» SPHIT AND TRAJEC.
CCMMCN /BLOKC4/ COEFRPsCONSTAe FRTCHE»PHID

COMMON BLCKGO3 CONNECTS CONTAMs DATAINs MAIN AND PARPOT.

CCMMON /BLOKCS/ DIMsFATHMXsSReVELMAC

COMMON BLCKECS IN CHKHIT+CONTAMeMAIN)SHADESPHITTRAJEC AND TRANSL.
COMMCN /B8LOKD3/ NEWPCS(3)

COMMON BLOKL1Z CONNECZTYS CONTAMsMAINSSPHIT.TRAJEC AND TRANSL.

COMMCN /BLOK 1D/ NEWVEL (3)s DELTAT

COMMON BLCK1l IN CONTAMEFTIELDs MAINeRNOPOSeSPHIT +T RAJECsVNORML,
COMMCHN /BLCK11/ PCSVEC(3)

COMMON BLOX12 CONNZCTS CONTAMy MAIN AND TRAJEC.

CCMMON /BLOK12/ CMASS +VELVEC(Z) +ILOST

COMMON BLOK1Z CONNECTS CHKHITe CONTAM, MAIN AND SPHIT.

CCMMON /BLOK13/ IHIT(2)

CCMMON BLCHL4 CONNECTS CONTAMs EFICLCs MAINs SHADE AND TRAJEC.
CCMMON /8L CK14/ IFANEL ¢ ISHACE

COMMON 2LOK1E IN CHKHITeCONTAMIEFTELDeMAINeRNOPOS»SHADE s VNORML.
CCMMON /BLCK1E/ ISECTP

COMMON BLCK18 IN DATAINCTFIELDeESURF ¢ MATN+RNDPOSeSCPLOTeSHADEs AND CONTAI
CCMMCN /ELCK1E/ SP1eSP2eSPTySPU

COVMON BLCOK21 IN CHKHITsCONTAMeEFIELDoMAINIRNDPOS+SHADE»SPHITeSCPL
COMMON ZELCK?21/7 219229233249 25

COMMGON BLOX2% CONNZCTTS CONTAMe EFTIECLD, MAIN AND TRAJEC,
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SUBROUTINE CONTAM

COMMCON /BLGKZ25/ EVEC(3)

- CCMMON BLOK31 CONNECZTS CONTAMy ESIZLD AND MAIN.
CCMMCN /BLCK31/ NRMISS
SQUIVALENCE (ISECTR,IS ) e {IPANELIP)e{ILOSTeIL}

EQUIVALENCE (NEWPOST1}sPOSNEWI2)) o INEWVEL(L JoVELNEW (L))
EQUIVALENCE (VILVEC(1)oVELOLT(1)) (POSVEC(1)+POSOLD{(1))
EQUIVALENCE (VELMAGVMAG)Y s (CMASS,GMAS)s (ISHACEs ISH)
KCOUNT=C
FATHLG = C G INITTALIZE CONTAM PATH LENGTH ACCUMULATOR.
TL=] & INITIALIZE ILOSY RESISTER TOR NEW TRIAL.
IFIT(1)=C
THIT(2)=0
NRMISS=D
2=POSOLDI2)
CHGOLD=ZPRYCHG
CC TC t20C+22Ce220¢1CHeISKE
25C IF(VELOLDI3).GT.0.) GO0 70 1939 @ PARTICLE LOST
60 7C z2C
10 YF(VELCLDI3)eLEeDLD) G0 YO0 1393
¢C 10 22C
2800 CONTINUE
IFE2.CT 21425} GO 10 280 3 1 DEBYE LENGTH ABOVE
220 CALL TRAYEC @ INCREMINY PARYICLE POSITION.
ISHCLD=ISHADE
IPOLC=IP
ISCOoLD=ISE
KOLDO=KCOUNT
FTHOLD=PATHLG
35 CALL SHADE 4 SEC IF PARTICLE IS SHADED AT THE NEW POSITION,
cum=C,
CC 10C1 KK=1e3
1ICC1 SUM=SUM+(POSOLD(KK)~FOSNEW(KK) e »2
PATHLGZPATHLG¢SORT{SUM) 3 THE ACCUMJLATED PATH LENGTH.
KCOUNTZKCOUNT+1., @ INCREMENT STEP COUNTER.
TF(PATHLG.GE.PATHMX) GO TO 1923
IFEKCOUNT ,EQ,5CC) GC TC 199¢

w

00 230 Jz=1.2 @ DETVERMINI I COORDINATES NEED TRANSL.
23C IFIPCSNEW(J) LT.C.CF 60 TC 2125
G3 TO 226
235 CALL TRANSL @ TFANSLATE PARTIILET BACK TO FIRST XY QUADRANT,.
235 CONTINUE
240 TFIISE B4} GC TC 200C

TFUIP.ENe1eANDISEL E.2.ANDLI OSNEWIZ) o6GT473) GO TO 241

SUDROUTINE CHKHIT DLTEAMINES WHETHER THE NEW POSTITION HAS CONTACTED
A SPACECRAFT CONE SECTION.

D aon

Call CrMHIT

C WHEN THE FARTICLE TRAVERSES THE CONE RECION AT THE TIP LOCATION
c (Z2¢SP4) - THE FALSE VALUE 0F A 2ECONTAM HIT IS REVERSED TO A SAFE
C FIT,
(o}
IFCISE oNE e3e0R e ISEOLL aNEW24OFIMITIZ)I.NELY S CO TO 242
IAIT(1)Y=
TKIT(2)=0
G0 Y0 221
o
c THE PARTICLE IS IN THE REGICN OF A SOLAR PANEL AND IS MONITORED BY
o SUBROUTINE SPHIT FOR SURFACE CONTACT -~ SAFE ¥MIT IF OCCURS.
241 CALL SPHIT
¢ AL PAGE B
ORIG ALYN
OF POOR
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242

OO0
L]

SUBROUTINE CONTAM

WHEN THE PARTICLE LEAVES THE TOF OF THE SOLAR PANEL AND BECAUSE OF
THE CHARGE-SLECYRIC FISLD CONCITION IS SUCH THAT THE PARTICLE IS,
SUCKED EACK THROUGH THE FANEL ANC MCVING DOWNWARD A SAFE HIT IS
REGISTERED.

TF(KCOUNT sEQeleANDIP «£3e1eANDTIPOLD ¢EQe1«AND T INEWPOSI3)LT.
1744 AND JVELVECI2) oGT o eC) oOR, INEWPCS (3Y.ET.Z4.AND,
2YELVECE )l T Ca OO D) IHIT(1) =1

TFUIHITI1) EC.C.ANDLIKITIZ)EGLC) GC TO 1000 & TO KEXT ITERATION.
ON TO STATISTICS EVALUATION

Gc 70 2€C1 @ STATISTICAL EVALUATIGN

INCREMENT THE VELOCITY AND P (SITICN VECTOR COMPCNENT S.

CINTINUE

02 1C11 LJ=1.2
VELSLCC(LJYSNEWVEL (L W)
POSOLDILJYIZPCSNEW(LY)

GC 10 5

L= 3 THE EJECTA WAS LC3T ON THIS TRIAL.
CNE MONTYE CAPLC PASS COMPLETEC.

RIZTURN

END @ CCNTAM
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SUBROUTINE CONTM2

TUZRCUTING CONTM™Z
sees  MATA  UPL tsee  2/12/74 eess D.EDGARSe BIONETICS eses

se 08 ssete [ XX R ¥ ]

CONTM2 IS THE VERSICN OF COMTAM THAT PRINTS THE TRAJECTORY INFOR-

MAT I0N FROCM THE INITIAL GRAIN REMCVAL FRCM THPE RANDOMLY SELECTED
MOCEL SUPFACE _OCATICN TO THE RECONTAMINATION CONTACT. THE CHARGE
AND THE ELECTPTC FIELT WRITTEN ON EBCH LINE TELEOLCEICALLY CORRESPCNGC
TO THE PARTICLTS EXPERTENCE AT THE POSITION COORDINATES PRINTED.

THE PATH LENCTH IS ACCUMULATED FOP ESCAPE CRITERIA EVALUATION AND
THE TIMZ CF FLIGHT TNCRIMENT FRCM THZ PREVIOUS POSITION IS INDICATED.
TrIS vALUE AFPPECIAPLY CHANCIT WHEN THE GRAIN TRAVERSES A SHADE/SUN
BCUNLRYe AN IMDICATICN 2F THC THREETOLC BALANCING MECHANISM INHERANT
WITHIM THE SUSRGUTINE TRAJEC CALLEC HEREIN. THE VI UALLY INFORM-
ATIVE CCLUMN  SH-P-ST REPRISENTS THE SHADEs PANEL AND SECTOR
INDICIIC YIELCING QUICK IDCNTIFICATION CF THME PARTICLE ENVIRONMENT.

THIZ SLERCUTINE COORDINATES THE TRAJECYORY ANALYSIS FOR THE EJECTED
CRAIN UNTTIL THC GRAIN ACHIEVSS ONE CF THE FOLLOWING CONDITIONS:

1-THE GFAIN RTCONTACTS AN A CZEPTABLE PORTION OF THE SPACECRAFT
WHEREUFON THE VARTAELE TFIT¢1) IS SET TO0 1 - SAFE KIT.

2-THE GFAIN TRAJECTORY SURFASSES THE PRESCRIBED MAXIMUM PATHLENGTHM
OF PATHMX (20 METERS) - CSCAPEC.

I-THZ NUMBER OF TRAJECTORY INCREMINTS EXCEECS 500 STEPS -~ ESCAPE.

4-THE GTAIM HAS RECONTACTED AN AREA OF THY SPACECRAFT CONSIDERED
STEFILE WHIREUPCM  THIT(g) IS SET TO 1 - RECCNTAM HIT.

TURINC THE EYECUTION THE PARTICLE IS KINEMATICALLY PROQJECTED FROM
Ay TMNITIAL POSITION THRU INCRIEMENTED FISITIONS USING YHE PARTICLE
CHARCEs THE ELECTRIC ANC INERTIAL FORCES CXFERIENCED BY THE
PARTICLE AY THE INITIAL LOCATION OF ZACH INCREMENT. THE NEW POSI-
TION IS SYMMETRICALLY MAINTAINEC IN THE FIRST OCTANT AND MONITORED
FOR THE HIT CONDITIONS MENTICNCD.

THE INPUY PARAMETERS AR

PCSOLDI3) - POSITICN VECTCR (INITIAL CONDITICNS ). INPUT
VELCLD(3) - VSLOCITY VECTOR (INITIAL CONDITIONS). INPUTY
C¥AS ~ THE PARPTICLE (EJECTED MASS) INPUT
VMAG - THE VELCTITY MAGNITUDC INPUT
Iz = LCEFINES THE SECTOR CF CONCERN. INPUT
P - DEFINES CONDITION WHERE? INTERNAL/OUT

1 2 PRRTICLE UNDER A SOLAR PANEL.

0 - PARTICLE NOT UNDER A SOLAR PANEL.
CEFINET CONCITION WMEKE? INTERNAL Z7CUY

1 = PARTICLE SHADED FROM SUN{OUTSIDE MWAKE)
C = PERTICLT NOT SHADED FROM SUN.
-1 = PARTYCLE SHATED FROM SUN (INSIDE WAKE)
L B RN ) o988 250N 2908
2 AL HEWPOSeNCWVEL
CIMENSTS PCESCLO(T) s PISHEW(ZYs VELZLZC?Y sy VELNEW(X)
JCMMON BL2KNu CANNECTS CONTAM, MATMy PA2POTs SPHIT AND TRAJEC.
COMMEN /2LC0KC4 /7 COEFTF W CCONST L FRTICKC»FEIT
COMMON BLOKCS CANNECTS CONTAM, DATAIN, MAIN AND PARPOT.
COMMON /BLOKCSEZ DIMFATHMX oSRyVELMAC
COMMON BLOKD?Y IN CHYUHIT ZONTAMGMAIN,SHADE ¢SPHITSTRAJEC AND TRANSL.
COMMON /8L0OKD9/7 NEWOOS(3)
COMMON SLOK1IC CTANNECYS CONTAM MATNeSPHIT,TRAJEC AND TRANSL.
COMMCN /BLOK1IC/ NEWVEL(2)s DELTAT
COMMON BLOK11 IN CONTAMoEFTIE_Doe MAINe RNDOPOS ¢SPHIT oTRAJECeVNORML .
COMMCN /BLOK11/ POSVEC(3)

AGE IS

?
%Fm%!go% QUALITY! 71

4

[%a)

x
[}
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SUBROUTINE CONTM2

COMMON BLOK12 CONNECTS CONTAMe MAIN AND TRAJEC.
COMMEN /BLOK1IZ/ GMASS oVELVECI3) »TILCST
COMMON BLOK13 CONNECTS THKHITs. CONTAM, MAIN AND SPHIT,
COMMCN /8LCK13/ TIHIT(2)
COMMON BLOX1% CONNECTS CONTAMe ESIELDs MAINs SHADE AND TRAJEC.
CCuMCON /BLOX14/ IFPANEL»ISHACE
COMMON BLOK1S IN CHKMITeCONTAMeEFTIELC +MAINeRNDPOSsSHADE ¢ VNORML.
CCMMCN /BLCK1S5/ ISECTP
CCMMON BLCK18 IN DATAINGZFIC. . DeESURF¢MAINeRNDPOS+SCPLOT¢SHADEe AND CONTA?
CCMMON /BLOK18/ SF19SP29SP3eSP U
COMMON SBSLCK21 IN CHKHITeCONTAMIEFIELC oMAINs RNDPOSeSHADE ySPHIT,SCPL
CCMMON /8L 0K21/ 2192207302495
COMMON BLOX25 CONNECTYS CONTAMe EFIELDy MAIN AND TRAJEC.
COMMCN /BLCK25/ EVEC(3)
COMMON BLOK31 CONNZICTS CONTAM, EFTELD AND MAIN.
COMMCN /BLOK21/ NRMISS
EQUIVALENCE (ISECTR.ISE ) ¢ {IPANEL+IPYe (ILOSToIL)
EOUIVALENCE (NEWPOS(1)sPCSNEWI1}) o (NEWVEL (1 )eVELNEN(1))
EQUIVALENCE (VELVEC(1)VELOLD(1))(POSVECIL1),POSOLDI(1))
EGUIVALENCE (VELMAGYVMAG) s (CMASSsGMAS)Yy (ITHADEsISH)

Y FCRMATUIXeI5e2X9S{1P5224502X) 0T201XeT1e1XeI292Xe3(1PGICGe2X e

e

[ -4
-

(&
]

117 08,.2

1SC1 FARMATCLIHC+4X o *THE PARTICLE ISCAPED")

1EC2 FOPMATULIHYLe2Y» °STEP PATH LENCTH X-POSITION Y-POSI TION z
1-POSITION PART e THGe SH-2-SE?el4Xo*FIX)*+8Xe ELY)*e8Xo»

2YEC2)1%eBX e *CT*)

1502 FORMAT(LHC e *FINAL STEP®*¢2Xs*FINAL PATH LENGTH®s15Xe*FINAL (XoYeZ)"*
191IXe*FINAL CHARGE 92X o *FINAL-SHACE-PANEL-SECTOR®s /9+1XeICe7Xy
21PG12.608X e (%0 1PGL0e89 e "012C10.4e¢ e *o1PG1O.4e"*)%e2Xe1PG12.50
TICKsI2e5XeI1eS5XeI1)

KCOUNTZ=D 2 INITIALIZATYON OF THE WORKINC PARAMEYERS.
IL=C
PATHLGC = "
IRIT1IZO
I4IT(2)=0
NRMICSCSC-D
CCLTAT=ZC.
TIME=C.
5 2=P2SOLOC2)

CHGOLD=FRTCHG
GO TO (20C#22Ce 223+10) e ISE

2co IfFtvetctot3) .c7,0.) €cC TO 19¢9 @ PARTICLE LOST
63 TC 22C

1C IFtveLCLOt2) LEL.CLC) G¢ TC 199¢

GY T3 22

0L CCNTINUE
TF{ 2467 621¢2%) [lo lERg]

o0 CALL TRAJEC a I
TIMEZTIVE+CILTAY
TSHOLC=-ISHADE
IPQLD=IP
ISECLC=ISE
ADLSZKCOUNT
FTHOLDOZFATHLC

3CS ES;LCSHADE @ SEE IT PARYICLE IS SHADED AT THE NEW POSITION.
02 1001 KK=1+3

1001 SUMZSUMA{POSOLOIKK)I-POSNEW(KK) Jew2

PATHLGZPATHLG+SARTISUM) 3 THT ACCUMJLATED PATH LENGTH.
KMODZHOC(KCCUNT+47)
TF{KM0DeEQe0) WRITE(E+150C2)
KCOUNTzKCOUNT+1. @ INCREMENT STEP COUNTER,
TFUPATHLG.GE.PATHMX) GO TO 1399

5C @ 1 DEBYE LENGTH ABOVE
REMENT PARTICLE POSITION.

-
e

[y

NG
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SUBROUTINE CONTM 2

IF(KCOUNT.EJ3.5CC!) GO TC 199¢

D0 230 J=Tie2 @ DETERMINE IF CCORDINATES NEED TRANSL.
270 IF(POSNEWEJI L T.CCI GC TO 235
Gh TO 276
235 CALL TRANSL 3 TRANSLATE PARTICLE BACK TO FIRST XY GULADRANT.
236 WRITE(501500) <L DsPTHOLOWPOSVECSCH3OLDy ISHOLDe IPOLDs ISEOLD ¢ EVECS
1CELTAT

240 IF(ISE.EQ.4) GO TD 100G
IF{IPeED el e ANC eISELLEL2.ANDLFCSNEWIZ)WACTL23) CC TO 241

C
C SUBRCUTINE CHKKIT OCTERMINECS WHETHER THE NEW POSITION HAS CONTACTED
< A SPACECRAFT CONE SECTION.
c
CALL CHKHIT
~
C WHEN THE PARTICLE TRAVIRSES THE CONZ REGION AT THE TIP LOCATION
: {22eSP4) - THE FALSE VALUE OF A RECONTAM HIT IS REVERSED 710 A SAFE
o HTYT,
C
IFCISENE«34CReISEOLLNES2) GO TD 242
PCLLC=SGRT(POSOLD(1)sPCSCLDCL L+ POSOLL(2)*pPOSOLD(2))
ANEWZSIRTIFOSNEW(1)IsPOSNEWIL1) +POSNEW(2) « POSNER(2))
IFLRNEW LT ,SFU AND.RCLD LT .SF4) €O TC 2410
G2 TO 242
c41C IkITUI)CZC
IHIT(2)=1
¢ TC Zu2
C
< THE FARTICLE IS IN THE REGIONMN OF A SCLAR PANEL AND IS MONITORED BY
C SUZRJUTINE SPHIY FOR SURFACE CONTACT - SAFE HIT IF OCCURS.
c
231 CALL SPHIT
c
o WHIN THE PARRTICLE _SAVES THE YCP OF THE SOLAR PANEL AND BECAUSE OF
C THE CHARCE-ELECTRIC FICLD CCONDITICNS IS SUCH THAT THE PARTICLE IS
< SUTKEC 3ACK THRCUGH THE PANEL AND MCVING DCWNWARD A SAFE HIT IS
c REGISTEPREC .

IFCKCCUNT of3 o1l eAND o IF o C0 el e ANDTPOLT oL Qo1 ANCLEINEWPOSE3 ) LT,
128 ANDGVELVEC (31 40T el oC) «NRGINEWPOS(3)eGT424s AND.
2VILVEZUE) LT &0.0))) IKITt1)z1

242 TTUIHITUL1oZ3oCoANDJTHITH2) 20600 GC 76 1002 8 TO NEXT ITERATION.

c SN OTC SYATISTICZS EVALUATICN

57 10 2701 3 STATISTICAL EVALUATION
c
< TMIREMINT THE VELOCITY AND FfJCITICN VECTOR COMPONENTS.
C

1000 CoNTINUE
IC1C OC 1011 LJU=1e3
VILOLDC(LJIZNEWVEL (L )
2011 PCSCLCHILJY=PCSNERLL )
GC 7O 5 )
1999 JL =2 3 THE EJECTA WAS LCST C& TEHIS TRIAL.
WO ITE(Se15C0) KOLOePTHOLDYPOSVIC: H30LDe ISHOLDeIPOLDe ISEOLDeSVECY
IDELTAT
WRITE(Ge15C1)
WRITE(E+25C03) KCGUNTsPATHLCs NEWPCS» " TCHGrISFADE2IPANEL2ISECTR
C CNE MAONTE CARL? PASS COMPLETIN,
€2 YO 20C2
2071 CONTINUE
IFCIHITI2) E2,.12 WRITE(6+20CH)
WRITE(G921%C3) KCOUNTePATHLGINEWPOSePRYCHG+ISHADE ¢ IPANCL»ISECTR
WO ITECEe15CH) TIME

8
Al,PPd}E
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SUBROUTINE CONTM2

FORMAT{LHC s *THE PARTICLE TRAJECTIPY ELAPSED TIME WAS® G124 3902Xe

1*SECONDS")
FORMAT(LHC ¢ "RECONTAMINATINN HIT ON THIS

RITURN

~apn
IR B0]

TRIAL®)
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SUBROUTINE EFIELD

“UBROUTINE EFIELD 3 vo BAPENGOLTZy JPLORIC/7 /7400

e EFIELD o

CALCULATES THE VECTOR ZLIZTRIQ FIELD AT A POSITION NTAR THE S/C
USING THE SURFACE CCNCITIONS ESTABLISHEC 3Y ZSURF. IN GENERALY
THE PCSITION I3 TESTED FOR BIING NEAR A SURFACE IN WHICH CASE THE
USUAL FLAT PLATE SCLUTION IS EMPLCYED WITH AN APFROPRIATE CEBYE
LEINGTH ANC SURFACE VALUE PER LENGTH AND SURFACE VALUE PER ESURF.
THESE FACYCRS CEPEND ON THE SUN/SHACE INCEX (ISHAZE) ALSO. TWO
EXCEPYIONS £XIST: (1) FOR POSITIONS NTAR (COMPARED TO APPROPRIATE
CEBYE LENCTH) THE SOLAR FANELe THE ALGEBRAICZ SUM OF THE SLURFACE
PITENTIAL CF THE ILLUMINATED ANDO DARK SIDES IS FORMED AND THEN
THE FIZLD IS CALCULATEC ANALCGOUSLY. (2) FOR PCSITICNS IN THE
WAKE OF THE SPACECQAFY THE NEZAR CASE AND FAR CASE ARE APPROXIMATED
FOLLOWING AN ANALYSIS BY ALC®FERT s ET Al .v SPACE SCYENCE REVIEWNWSY
VOL. 2 (1353.)

THE FAR FIELD CASE IS CALCULATED BY AN EQUIVALENT SPKERE CF AREA-
AVERAGED POTENTYIAL AND THE DEBYE LENGTH SELOW THE SPACECRAFTY OR
AN AVERAGEC EFFECTIVE OESYE LENCTH (STE ESURF} ABOVE OR ALONGSIDE
THE SPACECRAFT,

DOU3LE PRECISION We B012)+381(2)

CIMENSION COSJt4)s SINJLG) s TANJ(Y)

COMMON B1LCK11 IN CONTAMEFIELDs MAINs RNOPOS+SPHITeTRAJEC,YNORML.
COMMCN /BLOK1l/ POSVEC(3)

CCMMON BLCK14 CONNECTS CONTAMe EFIELDs MAINe SHADE AND TRAJEC.
COMMON /BLOK14/ IPANEL»ISHACE

CCMMON BLOK1S IN CHKHITeCONTAMeEFICLC+MAINsRNOPOS+SHADE+VYNORML.
COMMON /BLOK15/ ISECTR

COMMON BLCK13 IN DATAIN+EFIELDeESURF e MATIN+RNOPOS+SCPLOY,SHADE.
CCMMON /BLGK18/ SP1+SP2+SP3eSP4

CCMMON BLOX19 CONNECTYS DATAINs, EFIELDe ZSURFe+MAINs RNDPOS AND SCPLOT,
COMMON /BLOK19/ SPO1»SPL2,SPC3

COMMON BLOK20 IN CHXHITs EFIZLDs MAINs RNOPOSs SHADE AND VNORML.
COMMCN /8LOK20/ TANTH1sTANTHZe TANTH2oT ANTH4

COMMON BLOK21L IN CHXHIToCONTAMeEFISLD9MAINe RNDPOS+SHADE s SPHITe SCPL
COMMCN /BLOKZ21/ Z1+22+22428+125

COMMON BLOK23 CONNECTS SFIELDs MAIN AND SHADE.

COMMON /BLCK23/ XYWAKE+ZWAKE » JPCT

COMMON BLOK24% CONNECTS EFIELDe ESUR® MAIN AND DATAIN.

COMMON /BLOK2&/7ALAMBI(2) v ANPH (T (209 AKPHOT (2 }2»EFELI2)sEFEDI2)+DEBy
1AMAT{ 9) o EL (2) oP HIEL (2) sPHIED(2) y ALAMAVy PHIAVE

COMMON BLOK2E CONNECTS CONTAMe EFIELDs MAIN AND TRAJEC.

COMMON /BLOK25/ EVEC(3)

CCMMON BLOK2S CONNECTS DATAINeEFIELCESURFeMAIN AND PARPOT.
COMMON /BLOK29/ AKTE+AKTPeANC

COMMON BLOK31 CONNECTS CONTAMy» EFIELC AND MAIN.

COMMON /BLOK31/ NRMISS

EGUIVALENCE (X +sPOSVEC(1))e(YsPOSVECC2))}o(ZsPCGSVEC(3))
EJUIVALENCE (EXsEVEC(1))e (EYSEVEC(2))s (EZJEVEC(3))

EQUIVALENCE (KSECTRsISECTR)

EJUIVALENCE (J+JPOT)

TANJC1I=TANTH3

TANJU2)I=TANTH2

TANJ(3)=TANTHIL

TANJUG)=TANTHY

Co 8C Izils4

COSULINZ1a/SART (1o +TANJ(II«TANII(I))
SINJEII=ABS{TANJ(I)IsCOSJLT)
RZSQRTIXeX+YeY)

J=1

EX=CeC

£vzg.C

£z=C.C
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2ne

21C

220

Ice

32¢C

SUBROUTINE EFIELD

PI=3.1415¢
YF(ISECTOP-2) 1004200 20C
SECTCR I TN CLCSE
TFCIPANEL.NE.1) GC Y0 110
IFCAMATIR) SEQ.ELt2)Y J=2 3 ASCVE SCLAR PANfL.
DTIST=A3S1Z-74)
IF(CIST .GE JALAMB(JY)Y GO TC 11C
ZoUEFZLIJ IS EFESD(1IsDE3/ALAMI LYY )IREXP(-DIST/ALAMBLJ))
RETURN
IF(Z,LE«2S%) GO Yo 128
IF(R.GE.SPCI) GO TO 128
A30VE TOP CIRCLE
IFCAMAT (1) JEGLEL(2)) U=2
DYIST=-A3S(Z-2%)
IFUDISTGELALAMB(J)) GO TO 12C
CEZZEFELUJ)sEXPU-DIST/ALAM3( D)
RETURN
IF{Z.CZ«25) GO YO 400
ALONGS IDE CONICAL SECTICN
TF(AMATI 2).EQ.EL(2)) JU=2
DIST=((R-SP2)s ARS(TANJ(1)1+42-28)eCOSJ(1) ¢
IF(DIST.CE.AL A¥MBI(Y)) GJ TO 430
EMAGZEFEL(J)SEXP(-0IST/ALAMB(J))
EXTEMAG*SINJ(1)sX/R
EYZEMAG*SINJ(1)=Y/R
EZ=EMAGeCO5J( 1)
RETURN
CONTINUE
IFtR.CT.SP3) GO TO 4cCOC
IFUIPANEL.NEL.1) GO YO 210
DISTzABS(Z-ZU4)
TF(DIST.GEL(ZU4-23)) GO TO 2113
IFCAMATIZ) JEQ.EL(2?Y) J=2
SECTOR II IN CLOSE
EZ=-(EFED(1I) SEFEL(JU)SALAMB(J)/DEB)SEXP(-DIST/DEB) 8 BELON SOLAR PANEL.
RETURN
IFtZ.E.Z3) GC TG 220
NOT UNDER SOL AR PANEL BUT Z.3T.Z§.AND.LE.SP3. CRUDE FIX WITH E=0.
RETURN
CONTINUE @ NOT NECESSARILY UNDER PANEL. Z.LE.Z3
IFCAMATCT) EGLEL€2)) Uz=2
OIST=(({R-SP&)e ABS{TANJ(2))1¢2-Z2})sC0S J(2)
IF(DIST .GE .ALAMB(J))} GO TO A&COD
AL ONGSIDE CONICAL SECTION
EMAGZEFEL LJ}*EXP (-DIST/ALAMB (J)?
EX=EMAGeSINJ(2)=2X/R
EY=EMAGsSINJ(2)sY/R
EZ=ZMAG*C0SJI(2)
RETURN
CONTINUE
SECTCR IITI IN CLOSE TO WAKE EUT NOT INSIDE.
TF(Z.LE«Ds) GO TO 40C @ BELCW WAKE.
IF¢( ISHADE «EQ0e-1) GO TC 221
REZSQARTIXeXeY oY (2-24)0(2-284))

IF(RE.GE«ALAMAV]) GO TO 401

DIST={{P-XYWAKE)sABS(TANJ(4))} «Z8-2)¢ COSJ(Y4)
IF(DIST.GE.ALA¥YAV) GO TOC urC

EMAG-ZEFED(1)«EXP (-DIST/DES) 3 LFADING COEF. SHOULD BE WAKE SURF.
EXZEMAGaSINJ Y JeX/R

EYZEMAG*SINJ{4Y sy /R

EZ=-EMAG2COSJlY)

RETURN

CONTIMUE 3 INSIDE WAKE.

IFlZ.LE.Z1) GO TO 330
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SUBROUTINE EFIELD

NEAR BOTTOM CONEs CRITICAL AREA
DIST=((PR-SP4)e ABSITANJI3))+Z2-7)eC0SJ(3)
EMAGZEFECC1Y=*EXP(-DIST/DEB)
EXZEMAG*SINJ( 3) sX/R

EYZEMAG*SINJ(3 )2 Y/R

EZ=-EMAGsCOSJ ()

IF(DISTLLT.0.C1) NRMISS=1

RETURN

CONT INUE @ BELOW S/C IN WAKE.
FIELD PER J38 97/10/74 FOR CYLINDER.
VALID CLOSE TO S/C BOTTCHM ONLY.

"ACYL={Z1-Z%+ ZWAKE)sXYWAKE/ZWAKE

DIST=ABS(21-2}

WZ2.8¢R/7ACYL

IFCDIST .GE LACYLY GO TO 390

CALL BJYODl{(Ws1le1eB0es8B1)

EMAGRO =2 ,4*EFED(1 )9 (DEB/ACYL)*EXPt-k)
EZ=-EMACRO*B80 (1)

IF(R.LE.0.) RETURN
EXTEMAGROeX/PsB1(1)
EYSEMAGROsY/ReB1(1)

NRMISS=1

RETURN

CONTINUE @ IN WAKE BUT FAR FROM BOTTOM,.
EMAGRO=-AKTE/DEB

EXSEMAGRO=X/R

EY=EMAGROsY/R

EZ=CAKTE/ACYL }*sALOG(DEB/ACYL) sEXP (~-W)
RETURN

CONTINUE

EQUIVALENTY SFHERE

RE=SART{ X*sX+YeY+(72-28)s(2Z2-24%))
ALAMC-AL AMAYV
EMAGZPHIAVE*(1./RE}®(1./RE¢1./ALAN ) sXYWAKE
IF(RE.LE.XYRAKE) GO TO 870
EMAGZEMAC+EXP (- (RE-XYNAKE) 7ALAM)
CONTINUE

EX=EMAG*X/RE

EY=EMAGeY/R

EZ=EMAGs(Z-28)/RE

RETURN

END

ORIGIN
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SUBROUTINE ESURF

SUBROUTINE ESURF 3 Jo BARENGOLTZs JPLe%10/7/T7use

* TSURF e

CALCULATES SUNLIT SURFACE FOTENTIAL FHIEL FOR AL AND SI02 AND THE
CORRESPONDING SURFACE FIELD ZFEL AND THE DISTANCE PARAMETER ALAMB
PER JPL GTRe VOLe 3 NC 1+ APRIL 1973s AND SETS SHADED SURFACE
POTENTZIAL (PHIED) YO -3¢ELECTRON TEMPERATURE (IN VOLTS) AND
SURFACE FTIELD (EFEDY YO THE FOTENTIAL DIVIDED PY THE DEBYE LENGTH
(JEBe) THIS ROUTINE ALSS CALCULATES. AREA-AVERAGED SURFACE POTENT-
TAL (PHIAVE) AND AN EFFECTIVE DEBYE LENCTH (ALAMAV.)

OIMENSION ARICNLZ2) +AA(S)

COMMON 3LOKO3 CONNECTS ESURF, MAIN AND RNDPOS.

COMMON /BLGOKC3/ ASPeATPsATS+FRIs ATOTeABFeABCS»ATI

CCMMON BLOK1S IN DATAINJEFIELDeESURF¢MATNeRNDPOS ¢+SCPLOTeSHADE,
COMMCN /BLOK18/ SP1sSP2sSF3sSP &

COMMON BLOK19 CONNECYS CATAINs EFICLDs ESURF+MAINs RNOPOS AND SCPLOT.
CCMMCN /BLCK19/ SPC1+SPC2sSPC3

COMMON SLOK24% CONNEZTYS EFIELDs» ESURF MAIN ANC OATAIN.

COMMON /BLCK28/ALAMB(2) e ANPH (T (209 AKPHOT (2 JoEFEL(2)2EFED(2)¢DEBY
1AMAT(I) o EL(2Y 9P HIEL(2)PHIED(2) s ALAMAVePHIAVE

COMMON BLOK2S CONNECTS CATAINrEFIELC+ESURFIMAIN AND PARPOT.
CCMMON /BLOK29/ AKTE+AKTPsANE

PI=3.1415%

00 10C I=1e2

R1=AKTE/AKPHOT (I}

R2ZANPHOT(I)/ANE

IF(R1.,LE.1.0.0P.R2.LE.R1} €GO To 90C

PHIEL(IY=AKPHOT (I)e(AL0G(R2)-0.5«ALOGIR1))
ANTONCIDZUANE/ 200 (SQRT{R1)+1,C)*1,E-E

CO={ ANPHOT(I)/SQRY{AKPHO T{I)) -ANE/SQRT(AKTE) ) s1,E-6
C1=-1.5#SART(PI)+*ANICN(I}/CO

CO0=8,/3«sSARTIPIIeCCal44E~T

C2=SERT(CCC/2,.)/2.

C1 ANC C2 AND FORMS OF PHI AND E TAKEN FROM BARENGOLTZ AND BAUERLE.
JPL GTR'LYe VOL e 3¢ NO 1 (1973) EXCEPT EX10Q0 FOR V/M.

C4=SARTIPHIEL (I))

C5=SQRTIfCcu+C2}

XMAX=C5/C2

XDELTzXMAY/1CC,

EFEL{II-UCO*CsClsesCS

X=XDELY

DO 200 J=1.100

EEX=4CL .#C2¢ (~C1+(C5-C2eX)oe0Z, )0 {(C5~-C20X)
RTESTZEEX/EFELLII)

IF(RTEST.LE.C.2673) GO TO0 3CC

X=XeXDELT

CONT INUE

WRITE(E+9C2)

STOP

AL AMB(I)Y=X/100. @ CONVERT TO METERS.
PHIEDII)I=-3,AKTE 8 SHACE SURFACE.
EFEDIIY=PHIED(II/DESB 38 SHADE SURFACE.
CONTINUE

AALL1)ZATP

AA(23=ATS

AAU3)=ASP/2.

AALL4ICAALZ)

AALS)I=PTI*SP2«SP?2

AALG)=FT+SPR2eSPC2

AALT)zATIY

AA(B)=ABC”
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SUBROUTINE ESURF

AA(S)ZACP
FAR FIELL CACE ALL SECTORS (AFPROX.)
ALAMAV=0.C
PHEIAVE-C LT
ASC=C.C
CO 4G TZ162
Jz1
IFCAMAT(T) E6LELE2)) U=2
PHIAVE=PHIAVE+AALIVYePHIEL (D)
ASCZASC*AA(I)
G40 ALAMAVZALAMAVSALAM3U(JU)eAA(]Y
DO 450 I=4+6
PHIAVE=-PHIAYVE+AA(I)ePHIED (1)
ASC=ASC+AA (D!
450 AL AMAVZALAMAV+DEBsAA(TI)
J=1
TFCAMATU7YES LEL(2YY U=2
PHIAVE=PHIAVE+AA(T)sFHIEL(J)
AL AMAVZALAMAV+AA(TYIsALAMB LYY
ASCZASC+AA(T)
D0 460 I=z3.9
PEIAVE-PHIAVE+AA(I)*PHIED (1)
ASCZASC+AAL])
460 ALAMAVZALAMAV<ARA(I)*DEB
PHIAVE=-PHIAVE/ZASC
ALAMAVZ-AL AMAV/ASC
WRITE(Sy1T00) ALAMBeEFELeEFED¢DESPHIELs PHIEGALAMAY s PHIAYE,
1AMAT #EL
100C FORMAT(UXe®s o ALAMB o o°910Xe%s o ZFEL @ $°910Xe*s s EFED o s
1SXe "CEB®e/01Xs TUIPGOa2e2X) e/ /04X o PEYEL ® 8'99X9%s o PHIED o o
2'
IeEXo®s ALAMAV o o PHIAVE %9 /01X 9sC6{1PGR.392X )e// 98X %s ® AMAT ARRA
Y o ¢%919Xe%s o AMAT ARRAY o #%9/41Xe9{AG*2X)e//e1Xe®e¢ o EL ARRAY
€ o 2% /91Xe2(A6s2X))
RETURN
gCC WRITE(E+39G1) EL(I?
sSTop
9C1 FORMAT(1Xs»*PHOTOELECTRIC DAT# INCONSISTENT WITE PLASMA DATAy SEE M
1AIN FOR *+AG)
902 FORMAT(IX,*EFFECTIVE SUNLIY LCEBYE LENGTFE COULD NOTYT BE FOUND BY ESu
1RF )
END

JPL Technical Memorandum 33-737

79



80

(9]

(¢}

0000000000000 0000000A000000N00

MAIN DRIVER (VERSION — FULBPS)

sees NASA JFL sees Do EDGARS (BIONETICS)» Jo BARENCOLTZ (JPL) sess

XL srans sesss
PEAL NUs NEWPCZs» NEWVELe IVESC
ceses setsse sssss

DIMENSION WNET (S)oWNET2(5)oVAIP2(2E) vISFUNIIE}eWANCDE (181}
1 VANGDS(12)

CIMENSICN ANGDEG(18)

DIMENSION POSHID(3)

JIMENSION VAP (35), PKACC(2ZE)

CIMENSION ANGDIS(18)e FLUXM1{3+10)

289 LR E R 24 2208

THIS IS THE DRIVER PPCGRAM™ F(R THE BYPASS MOCE OF THE SPACECRAFT
RECONTAMINATION MODEL . THIS MODEL HAS BEEN BRIEFLY DISCUSSED IN
THE JET PROPULSION LABOFATORY DOCUMENT 90C-€75+ SECTION IXIs
SEPTEM3ERs 13784,

THE DISTRIBUTIONS OF YTHE MASS AND VELCCZITY FOR THE MEYEOROIDS 1IN
THE SPATIAL REGION BETWEEN TFHE EARTH ANC MARS HAVE BEEN CATAGORIZED
INYO TEN MASS AND THREE VELOCITY GRCUPS. ,SEPERATE EXECUTION OF
THE SURFACE EFFECT MODEL (YANG1/THINPL) HAS PRODUCED DATA ENSEMBLES
WHICH THIS PRESENT VERSION RCADS AS INPUT. THE PARTICLE RELEASE
MIDEL (RELEAS) CONTAINED HEREIN COMPUTES THE STATISTICAL GUANTITIES
FOR PARTICLE RELEASE PROBABILITIES.

THE METEOROID MASS AND VELQCITY GRCUP UNDER CONSIDERATION THEN HAS
RANDOM POSITIONS FOR IMPACT CETERMINEDs AT EACKF OF WHICH RELEASED
GRAINS AREC KINEMATICALLY FOLLOWED ON THEIR TRAJECTORIES. THESE
TRYAL GRAIN HISTORIES (EAD T ONE OF SEVERAL SITUATIONS. THE GRAIN
CAN RECONTACT THE SPACECRAFT ON A REGION WHERE THE STERILITY IS OF
NCO CONCERN, THIS IS REFERREC To AS A SAFE-HIT. THE GRAIN MAY
ALSO ESCAPE THE VICINITY OF THE SPACECRAFT WHEREUPON THE NUMBER OF
AND DIRECTION OF THE ESCAPE 1S NCTEC FOR LATER TABULATION. THE
IMPORTANT DATA GENERATED WITHIN INDICATING THE NUMBER OF GRAINS
REACHING THE PRESCRIBED STERILE AREAS ARE CALLED RECONT. HITS.

LELE 24 299838 s 88

THE COMMON BLOCKS LISTED INTERCOMMUNICATE ESSENTIAL DATA AMONG THE
SUBROUTINES

COMMON BLOKO1 CONNECYS DATAINs MAIN AND RELEAS.

COMMON /BLOKC1/ AKMeDRHO»K1+FRBVEL(35+10)eCR(10)sSIEsDDIALLIC)
1+ ANPART ¢ ANNORM,PRBDTA(10D)

COMMON BLOKOZ CONNECTS CHKHITe MAIN» RNDOPCS AND SHADE.

COMMON /BLOKD2/ AL (&)

COMMON BLOKC3 CONNECTS ESURFs MAIN AND RNDPOS.

COMMON /BLOKO3/ ASPeATP ¢ATSPRIGATOT ¢ ABPeABCS o ATII

COMMON BLOKO4 CONNECYS CONTAMe MATNe PARPOTs SPHIT AND TRAJEC.

COMMON /BLOKO4%/ COEFRP ¢CONSTA¢PRTCH3sPHIOD

COMMON BLOKOS5 CONNECYS DATAINs MAINe RELEAS AND YANG1

COMMON /BLOKDS/ KOsPMASSePRHO+RS(35) o FVAP(35) o FPKACCE35) ¢ RHO

COMMON BLOKOE CONNECTS DATAINe MAIN AND YANG1l.

COMMON /BLOKGE/ EeHoNUPD+ISKIP

CCMMON BLOKCE CONNECTS CONTAMs CATAINs MAIN AND PARPOT.
COMMON /BLOKC8/ DIMsPATHMXeSR oVELMAS

CCMMON BLOKCS IN CHKHITsCONT AMoMAIN,SHACEsSFHITSTRAJEC ANC TRANSL.
COMMON /BLOKC9/ NEWPOS(3)

COMMCN BLOK1C CONNECTS CONTAMsMAINSSFHITSTRAJEC AND TRANSL.

COMMON /BLOK10/ NEWVEL(3)s DILTAT

CCMMON BLCK11 IN CONTAMYEFIELDeMAINs RNCPOS oSPHIT+TRAJECPVNORML.
CCMMON /3LOK11/ PCSVEC(3)

CCMMON BLCK12 CONNECTS CONTANM MAIN AND TRAJEC.

CCMMON /9L 0K12/ GMASS +VELVEC(3) +ILOST
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c COMMON BLCK12 CONNECTS CHKHITe CONTAMy MAIN AND SPHIT.
COMMON /BLOK137 IHIT(2)
c COMMON BLOK14 CONNECYS CONTAMe EFIELDy MAINs SHACE AND TRAJEC.
CCMMON /BLOK14/ IPANTL s ISHADE
c CCMMON BLOK1E IN CHKHIT+CONTAMIEFIELCy MAINyRNDPCSoSHADESVNORML,
COMMON /BLOK1S/ ISECTR
c COMMON BLCK16 CONNECTS MAINsRNCPGS+SHADE AND. VNORML.
COMMON /BLOK16/ NPNL
c CCMMON BLOK17 CONNECTS CATAINe MAIN AND YANG1.
COMMON /BLOK17/ PVEL+ACCMIN
c CCMMON BLOK1E® IN DATAINSEFIELCESURFIMAINsRNDPCSoSCPLO 10 SHADE .
COMMON /BLOK18/ SP1eSP2¢SP3+SP4
c COMMON BLCK1S CONNECTS DATAIN» EFIELC» ESURFsMAIN» RNDPOS AND SCPLCT.
COMMON /BLOK19/ SPO1+SP02+5P03
c COMMON BLOK2C IN CHKHITs EFIELC» MAINe RNDPOSe SHADE AND VNORML.
CCMMON /BLOK20/ TANTH1,TANTH2 ¢ TANTH3¢TANTH4
c COMMON BLOK21 IN CHKHIT+CONTAMsEFIELDsMAIN+sRNDPOS»SHADEs SPHITySCPL
CCMMON /BLOK21/ Z1e72¢23924925
c COMMON BLOK2Z CONNECTS MAIN AND VNORML.
COMMCN 73L0X22/ VELNRM(3)
c CCMMON BLOK2Z CONNECTS EFIELCs MAIN AND SHADE.
COMMON /BLOK23/ XYWAKE+ZWAKE » JPOT
c COMMON BLOK24 CONNECTS EFIELCs ESURF AND MAIN.
CCMMON /BLOK24/ALAMB(2) ¢ ANPHOT(2) ¢ AKPHOT (21 +EFEL(2)¢EFED(2)¢ DEBy
IAMAT(9)sEL (2)s PHIEL(2)9PHIED (2] 0 ALAMAV s PHIAVE
c COMMON BLOK2S CONNECTS CONTAM. EFIELDs MAIN AND TRAJEC.
CCMMON /BLOX25/ EVEC(3)
c COMMON BLOK26 CONNECTS DATAINs MAIN AND PARPOT.
COMMCN /7BLOK2G/ MAT »AVP
c COMMON BLOK29 CONNECTS DATAIN+EFIELDESURFyMAIN AND PARPOT.
COMMON /BLOK2S/ AKTEsAKTPsANE
c COMMON BLOK3O CONNECTS DATAIN ANG MAIN.
COMMCN /BLOK3G/ADRHO(3)+D1+DZeD3s04sN1sN2sSRMAXsSRMIN
LeEPSILNsELECToAPVEL (3)»TMISSe KPLOT
c COMMON BLOK31 CONNECTS CCNTAMs EFIELD AND MAIN.
COMMON /BLOK31/ NRMISS
EQUIVALENCE (FVAP(1)sVAP (1)) +(FPKACCI1)oPKACCI1)) @ MAINs RELEAS
EJUIVALENCE (K1DeJSTIZE)» {KODe JVEL)
PI=3.14159
c
c THE NEXT APPROXIMATELY FIFTY LINES CF CODE CALCULATE THE NECESSARY
c MODEL WORKING PARAMETERS FROM THE USER SPECIFIED SPACECRAFT
c INFORMATION ENTERED IN THE BLOCK DATA ELEMENT DATAIN.
c
DRHO=ADRHO (MAT }
ALPHAZATAN(2.51 .SE4sSART(AKTP )/ (AVPeS QGRT (PI)Y) a WAKE HALF ANG.
DRPICE=DRHOSPI /6.
WRITE(6+1)
1 FCRMAT{1H1+°*THE FOLLOWING ARE GENERAL SPACECRAFT MODEL DATA®)
TANTH1=D1/(5P4-SPC3)
TANTH2:-D2/(SP4-SPC2)
TANTH32-D4/{5P2~5P01)
TANTHUZTAN(PT/2.-ALPHA)
WRITE(G+T7CC) TANTHLeTANTHZ ¢ TANTH3,TANTHY
7CC FCRMAT(IHC, *THE TANGENTS FOR CONE ANGLES ARE'+8(G3.4+2X))
c
XYKAKE=(SFUsCQRT (SPUsSPU+8,#SP1s (SPI-SPYI/PINI/2,
ASP=16.%SP1e(SP3-SP2)
ATP=PIsSFC1ss2
ATS=PI«(SPC1¢SP 2)sSART(D4s DY+ (SP2-5PC1) ¢ ISP2-SPC1))
AT=ASP4ATS+ATP
ATIZPlel SPO2¢5P8)sSQRT{C2sD2¢(SP4-SPO2)* (SP4-SP02))
ATOT=AI+AII
PRIZAIL/ATOTY s
GB
ORICINAL ‘-’é‘
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ABP-PIsSPC3ss2
ABCS=PI*({SPO3+SPU)sSART(D1sCL+(SPU-SPO) «(SPU-SPO3Y)
WRITE(E+TO2)ASPr ATP oATS o AT+ AIX+ATCT+PRIvABPs ABCS
TC2 FORMAT( 1HCe P ASP =" 067 a3 e 3X e ATP =" sG7a3 93X e *ATS =957 e30e3Xe AI=",
1670 303X e AIT =107 303X 0 *ATOT %967 e393X e PRIT*9CTe393IXe *ABP=%967.3
2¢3Xe®ABCS="9eG7.3)
SGYARC-EPSILN*AKTE/ (ANE*ELECT)
SUMFL - 0.0
IVESC - 0.C
SMVESC=C.,
ACCUM1C=C,
ACCUM2=0.
ACCUM3=C, 8@ FOR NRMISSe SEE EFIELD
DO 3 LMz=1,18
I ANGCIStLM)-O, @ INITIALIZE THIS ARRAY EXPLICITLY.
10 SR=10,8+(C.5s (ALCGIC(SRMIN) +ALOG1O(SRMAX)))
Z1=SQRTISQTARG)»SR 3 DEBYE LENGTH AT RADIUS SR
22271401
23=224D2
Z4=23+D3
Z5=7244D4
DEB=Z1
NRYITE(EeT72C)Z1¢Z2eZ3924+25
720 FORMAT{ 1 HOe*Z1=°¢G9eUe2X 0222 % G99 2N e " 739 Gele2Xe "Z8="9 G9ele
12Xe *25=%9G9. 4)
ZWAKE=Z4~-XYWAKE*TANTHY
WRITE(GeTC1) XYWAKEs»ZWAKE
TO1 FORMAT { 1HOe " XYWAKE= e FO Bo X9 *ZWAKE="9F9.4)
THE AL*S ARE THE Z-AXIS INTERCEPY FOR THE APPROPRIATE CONE.
ALT1)ZZ2-SPasTANTHL
ALC2):-22-SPasT ANTH2
ALU3)ZZ4-~-SP2+«TANTHS
ALCL4)Y-ZWAKE
NRITE(Ge T21)AL
721 FCRMAT{(1IHC» *THE AL ARRAY CONTAINS® e 8(6G9.8¢2X )}
CALL ESURF
4 READ(S+¢1111) N2+KFLOT
1111 FORMAT(2I10)
S READ(5:¢16C0¢ERR=50+END=50} TFICUPyKO+TCMLe IGMUSPVEL +PMASSsIMVeT ™™
1SM1
SMTEST=C.
WRITE(61609) IMM,TMV
1€00 FCRMAT(1Hi»*THE INPUT METECR CID CASZ CATA CARD FOR MASS GROUF®,
1T4e2Xe*AND VELOC. GROUPT*,I4)
WRITE(Ge21ELCIIHICUP s KOrIGMLy IGMUWPVEL s PMASS» IMV s IMM,y M1
1E0C FORMATIUTI T3 e2X) ol 0Xe2E1Z 501X 02 (T2 X)eESt4)
161C FCRMAT(IHC o8 (T 29y X) v1CX92E12 oS o1X02(1I202X)eECH)
TF{KPLCTaEJa1) CALL SCPLOT(IGCCNY Q@ SPATECRAFT PLOV .
IFUIGCINSEGe-1) STOP
C FLUXMI{IMVIMMICZ 258PYELESMI/ Y,
FLYOTZFLUXMI(INV o IMM)sATOTeT MISSe8,64EC4
WRITE(S s T7SS5) IMMe IMV oPMASSed VELsFLUXMI(IMV e TUMILFLT O
705 FGRMAT(1IHI»*MASS GROUFPZ*eIZsIXe®VELCC. CROUP="eI3v//e1Xe®*THE METEOD
1ROID MASS IS'e1PG20.4e2Xe*THI METEQROIT VELCC. IS*el1PGlO0.4%e 7/
/91X e *WITH A GROUP FLUX OF*»1PC1lCelie IXs*AND®e1Xe
I*THE TOTAL METCOROID IMPACTYS DOF THIS TYPE EXPECTED ARE'+1XeG3.4)
WPITE(Es259¢%)
RIACISe1ECIIIDUMYL ¢S (1) sPHKACC(TI) o VAP(TY
WRITE(E216L1I)IDUMY1sRS (I)»FPKACCITII»VAF(D)
51C CONTINUE
1599 FCRMAT(IHD o/ // /742X e I1%011Xs *RETY s OXe*"PKACCITI)®»3X s *VAF(I1®)
16C1 FORMAT(I3e3Xs1P3E15.5)
IFCFLYCT .LT,.C.C1} GO TC 24C
27 CALL RELEAS 3 DEYT.PART.RELEASE PARAM.

[ ]
3
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0O 8002 I=1.18
30C1 VANGDStIIT C.C

00 B8C0CC I=1.%
3C0C WNET2(IV= C.C

C ALCORITHM TO PACK VAF ARRAY
VAP2(1)1= ABS(VA®S(1))
TJ=2

TSFUNt11Z1

DO 81C0 1I=2.KC
00 8200 IIzIJeKO
ISFUNCIN=II

TIFULABSEVAP(II)) oL Ee CoS5¢ABSIVAP(TIU-10))

820C CONTINUE
830C IFIX=ISFUNII)

VAPZ(I)= CoSe(ABSIVAP({IJU-1)P+ABS(VAP(IFIX]) }}

IQUIT=I

IF(ISFUN(TI).EQ. KO) GO TO 84(CC

IJ=ISFUN(I)+l

810C CONTINUE

880C CONTINUE
IQUIT=IQUIT+2
VAP2UIQUIT)I=ABSIVAP(KO))

GO TO 8300

c EXIT WITH GRCUP POINTING ARRAY IN ISFUN(IDIQUIT IS NOe. OF GROUPSY

c AND VAP2(I) IS GROUP VEL. ARRAY

DO 955 IT=1+IHICUP

955 DUMMY=RANDNO{1l.+0.) d INCREMENY THE SYSTEM RANDOM NUMBER GEN.

DC &4C J:-1.N2
WRITE(G+2) TIMMeIMVeJ

@ INNER MONTE CARLO INDE X

2 FORMATU1H10e/// ¢1Xe *MASS GROUF*sTI3+5Xe°VELOC. GROUP®"»I3e5X

1°POSITION NOe*eI5 )
DO 4CC0 I=1s%
8000 WNET(IV=0.0
DO 4003 Iz1.18
3001 WANGDS(IN=0.C
CALL RNDPOS
T2 29 K=zi.3
FOSHIC(K) ZPOCVEC K]
29 MNTWPOSI¥)IZPRZVIR(Y)
CALL CHADE
TSHHIDZISHADE
IPHIC=IFANEL
TSEHIDZISECTR
CALL VNORML

@ DETERMINE IMPACT LOCATION

G NORMAL UNIT VECTOR QaPOSVEC

WRITZ(6.7N2) POSVECs ISHADE ¢ IPANZLeNPNLsISECTR

702 FCRMAT(IHT, *THE RANDCM PCSITICN VECTCR ISv,

130634 s2X)e// ¢1Xe *ITHADEZ"9I2+2%s
ZCIPANEL = s 120X e "NPNL =" 9I292%s *ISECTR=*$I2}

WRITE(E9T71C) VELNRM

71C FORMATU(IHC ¢ *"ME NORMAL VECTCFR FCR TKIS CASE IS *¢2(ClCe8¢2X))

IFUISHADELNELDY GO TO 31
CALL EFIELC
PHIS=PHIZL(JPOT)
Cc TC 32

1 PHIOZPHIEZ(1)

2 CONTINUE
PHICE=PHIO
00 S5CC0 JSIZE=IGMLsIGMU 3
OIM=DCIAtK1D) el .CE-6

COEFRP=-7 ,E-€*PI# ,25¢(DIM/SR)s»2

CCNSTAZ2 4¢P I« P SILNODIM
GMASSZDRPICE*{DIMess2)

JSIIE.EQeK1D

GRAIN LOCP

d RADIATION PRESSURE FORCE IN SuN
@ CONVERT APHI TO AQ

OC 6CCO0 JVEL=1eIQUIT SJVEL EUIV. XKOD .GRAIN VEL LOOP
c CALCULATE RELATIVE PROBABILITY OF JSTZEs»JVEL PAIR

TFIJVEL «EQ@.1) 60 TO 9001

JPL Technical Memorandum 33-737

83



84

MAIN DRIVER (VERSION — FULBPS)

IFtJVEL ,EG, IBUIT) GO TO 9CC3
TFIXSISFUNCJVEL)
IFIX1I=ISFUN({JVEL-1)
P3VELC=PRBOIAIYSIZE)e (PRBVELIIFIX9JSIZEY-PRBVEL(IFIX19JSIZE))
¢C TC sccz
9r01 PBVELC=PR3CIA(ISIZE)*PRBVELIL +JSIZE)
G2 TC srec2
9003 PBVELC= PRBDIA(JSIZE) e (1.-2RBVEL(KC,JSIZED)
9002 CCNTINUE

WEIGHT=-PBVEL C®ANNORM GTOTAL GRAINS THIS SIZE AND VEL REMOVED
VELMAG:= VAP2(JVEL)
DO 35 NN=1e3 @ VELOC. VECTOR (INITIALLY)
POSVECINN)Y=PCSHID(NN)

35 VELVECINNIZVELMAGeVELNRM(NN) @ 3UILD INITIAL VELOCIYY VECTOR.
PHIC=PHIDE

PRTCHG=CONSTA*PHIO
ISHADEZISHHID
IPANEL=IPHID
ISECTRzISEHID
ATEST=WEIGHT*FLTOT
SMTEST=SMTEST4ATEST
IF{WEIGHT oLEe «001.0R.ATEST.LE.0.05) GO TO 5999
IF(GMASS.LE.C.) GO TO 80C @ DEBUGGING
VMAX=SQRT(-10.¢COEFRP+PATHMX/GMASS) @ 5 TIMES THE MINIMUM ESCAPE VEL.
TF(VMAX.LT VELMAG.ANG.NPNL.NE.-1) GC TO 36
IF(VELVECT{3)«LE«D+<AND.NPNL.NEo-1) 50 TO S1C @ DEBUGGING
CALL CONTAM @ TEST CASE TRAJECTORY ANALYSIS
IFINRMISSeE3e1) WNET(3)=WNET(3)+WEIGHT
IF(ILCSTLEG.2) GO TC 38
TFOIHIT(1).70.1) WNET (L) ZWNET (LY ¢WEIGHT
IFCIHITI2)453.1) WNETU(2)=WNET(D) +WETICHT
IFCIRIT(2)145341) GO0 TO 30CC
Cc 10 6COC
3207 CONTINUE
THIS PRINTS “HE TRAJECTORY CF THE PRECEEDINC RECONTAMINATION EVENT.
C2 2500 NN=1e3
FCSVECINNI =POS HIDINN)
3I5CC VELVECINNISVELMAC®VELNRM (NN) @ 3UTLD INTTIAL VELOCITY VECTOR.
PEID=PHIDE
PRYCHGZCONSTA *OHID
ISHADEZISHHIC
TPANEL=IPHID
TSECTR:ISEHIC
WRITE(Gs20C0)Je JSIZEe JVEL
2C0C FORMAT(1H1+*POSITION®¢TIE 14X s "CRAIN SIZE GROUP*»IGeliXy
1'GRAIN VELOC. GROUP®¢I5)

WRITE(E»711) DIMeCOEFRP sCONSTAWPRTCHG»GMASS
1+PR3BDIALJSIZE)

711 FCRMATI(IHC /77 91X TOYM=*eG9.8+2Xe *COEFRP=*sCC 42 Xs
L*CONSTAZ"eGIe o 2X e "PRTCHG=®0539.892Xe "GMASS=%0G9.4¢2X e *PRBDIAZ-"e G,
24}

WRITELG.712) VELMAGsPBVELCWWEIGHTVELVEC
712 FSRMAT(1X» VELMAGZ*¢G2a4 42X e *PBVELC="3C%el9s2X0s

1*WEIGHT= %9 G Re 2X e *VELVECZ=*¢3(69.4+2X))
CALL CONTM2 & REDO THE CCNTAM CALC. W/PRINTING.
GO TO 600C
3¢ CONTINUE
00 37 I=1e3
37 NEWVEL(I)= VELVEC(I)
38 WNETU4)-WNETU4)+WEIGHT
WNET(S)-WNET (SI+SAGRTINENVEL (1) 9¢ 2+ NEWVEL(2 3ss2+NENVEL(3)es2)
1sWEIGHT

THETAZ-ATAN(NEWVEL (37/SGRT (NEWVEL(1)#s2+NEWVEL (288241 .E-8))4P1/2.
TARG=THETA®*17 .,39/P1+1.
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WANGOS(IARG)=WANGDS (TARG!+ WEIGHT
G0 TO §000
£999 ~ONTINUE
6000 CONTINUE AGRAIN VEL LOOP END
SCOC CONTINUE @&GPAIN SIZE LCOP END
IFCWNETU8) 0T o0s) WNETISIZHNETI5) /WNET L&)
WRITE(6+6666)
6666 FORMAT(1Xs15(/+1X})
WRITE(E+9100)POSHID
9100 FORMAT(1HO¢*BOX SCORE FOR RANDOM POSITION®¢2X ¢1P3ESe2)
WRITE(E+S101) (WNET(I)oI=148)
9101 FORMAT(L1HOs*NO. SAFEHITS®92XeG9¢5¢/¢1Xs*NO. RECONTAM HITS®¢2X¢G9.5
1¢/¢1Xe *NO o NEAR MISSES *+2XsGCe50/91%9"NOe ESCAPES®y 2XeE3.5)
IFUMNET{8).GTe0.) WRITE(G,9102) WNET (5)
9102 FORMAT(1Xs*AVE. ESCAPE VEL. °®¢G9.5)
DO 9200 I=1e¢b4
. 9200 WNET2(II=WNET2 (I)+WNET(T)
WNET2(5)=WNET2(5) ¢UNET(S) ¢ UNET(4)
DO 9201 I=1018
89201 VANGDS{ I)= VANGDS(I) +WANGDS(I)/N2
IFC(SMTEST.LELC.5) GO TO 947C
40 CONTINUE 3 PHOSTITION LOCP END
G2 TC 3S47¢
FYC WRITE(BeS4T7TU) IMMeIMVSMTEST
9478 FORMAT(2IHC e *"HE METEZCROUIC CLASS OF MASS CROUP®*»I6s2Xs*AND VELOC.
1CROUP '+ 16/ o2Xe *YIELCED CNLY®eG12..4s2Xe "RELEASED GRAINS.*
2¢/91Xe%C0 CN TO THE NEXT METECROIC CASE®}
BYTT TFUWNNET2€(4) aCTele) WNETZ2(SITWNET2(SI/NNET21(4)
WRITE(Gs»23CC) IMM, ITMV N2
WRITE(6+6665)
920C FCRMAT(1H1+'BOX SCORE FOR ONE METECROIC OF MASS GROUF'9»I3e2Xs*AND
1VELOCe GRCUP®*9I39/¢1X s *SUMMED OVERY,I6e2Xy*PCSITIONS?)
WRITECE»SI01) (WMNETZ2(IV+I=104)
IF(WNET2(4) «6T 0o} WRITE(503102) WNET2(S)
ACCUMIZACCUMI4WNET2(1)+FLTCT
ACCUM2=ACCUMZ+WNET2(2)¢FLTCT
ACCUMIZACCUMZ+UNET2(2)sFLTOT
IVESCTIVESC+WNET2(41¢FLTOT
SUMFL=SUMFL*FLTOT
SMVESC=SMVESC+WNET2(S)eFLTOTe WNET 2{4)
9C S4CC Jziel2
9407 ANSDIS(JI=ANGDIS{J) +VANGDS(J)sFLTOT
WRITE(ES9ECG)
95CC FORMAT(1H1)
GO TO S
240 WRITE(G+241)
241 FCRMAT(IHC»*FLUENCE TOO SMALLe SKIF THIS METEQROIC®)
50 TO S
SC CONTINUE
C . - °
SAVESC=SAVESC/NZ
SAFENO=ACCUM1 /N2
KITNC ZACCUMZ/N2
ANRMISZACCUM3/N2
IVESC= IVESC/N2
SIGTOT=SORTIHITND)
WRITE(G2100)
10C FORMAT(1H1¢°*BOX SCORE FOR OVERALL ENSEMBLE OF METEOROID MASS AND V
1ELOCITY GROUPS*)
. WRITE(Gs3469) SUMFL
9469 FORMAT(1Xs*TCTAL NO. CF METE (ROIDS IN ENSEMBLE DURING MISSION®»
1610.4)
NRITE(6+9101) SAFENOsHITNO » ANRMISIVESC
WRITE(6+6665)
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WRITE(E6+91C3) SIETOY
9103 FORMAT( 1LHDe*STANDARD DEVIATION FOR NO. OF RECONTAMINATION HITS IS*
1+2X+69 5}
RPROB=1-EXP{-HITNO)
VAVESC=SMVESC/IVESC
WRITEt6¢T760) VAVESC
760 FORMAT(1HCO+1Xs *THE AVERAGE ESCAPE VELOCITY IS®e2Xe1PG2%.8s
12X+ *M/SEC®)
DO 320 K=1.+18
320 ANGDEGIXK)I=10.*X
WRITE(G697€65) (ANGDEG(I}+ANGDIS(I}»I=1,18)
765 FORMAT({1HO+°*THE ANGULAR DISTRIIBUTION FOR THE ESCAPED VELOCIYY VECT -
10R RELATIVE YO THE +4Z OIRECTION®9// 91X e *DEGo"28Xe*NOo ESCAPES*e//»
218U1X e CPFUCoUXs1PG104.39/))

WO ITE(E+335) RPROB
335 FORMATC 1HOs4(1Xe/)s1Xe*RZCONTAMINATION PROBABILITY IS®yG12.5)
* * E
sTop
8CC W2ITE(EsECL)
801 FORMAT{ 1Xs*THE MASS VALUE GMASS IS INCORRECT®)
g0z STCP
81C WRITE(G+311)
811 FORMAT(1Xs *THE VELOCITY VECT R IS INCORRECT®)
812 STA2P
END
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FULDET DRIVER

sess  NATA JP_ sxsx D, TCGAYT (3IONETICS)e Jo BARENGOLTZ (JPL) sses
ATAL NUs NEWFOTe NEWVELs IVFSC

CIMENSION WNETUZ)wWNET20CS) oVAP2(3E) v 1T UNI3IZ)eWANSGDS(18)e
1 VANGDSI(1?)

CIMCINSION ANGDEGI(12)

CIMENSICN PCTHICZ(3)

CIMINSION VADP(35), TKACZ(2F)

CIMENSICN ANCDIC(18Yy FLUXMIL(Z,1C)

SOMMCN 2LCKTY CONNECTS CATAINe MAIN AND RILZAS.

CCMMON /EBLUKT1/ AKMeTRHC o K19 FROVEL (259 2C) s CRIIC JeSTICsDEIACIC)
1o ANFART ¢ ANNOOM,PRINIA(LY)

CMMON 2LCKC2 CONNECTS CHKHITe MAIN, PNDFCS AUND SHADE.

COMMON /2LGCKAC 2/ AL (4)

COMMON PLCKTZ CONNECTS ESURFs MAIN ANC RNCFPCS.

COMMON /8LOKC3/ ASPsATP s ATSePRIVATOTeASPyASCS ¢ATI

CCMMON ZLCKCH4 CONNECTS CCNTANMe MAINy, PARPOTs SPHIT AND TRAUEC.
COMMON /8BLOKT U4/ COEFRPWZONSTA oPRTCHI»PHIC
C CCMMCN BLCOKTE CONNECTS CATAINe MAIN, RELEAS ANC YANC1
COMMON /8LCACS/ KCePMASSePRHI ¢S (IS} s CVAPI3IS) oFPKACC(3I5) e RHO
CCMMCN BLCKCE CONNECTS DATAINe MAIN ANC YANCG1.
COMMON /SBLOKTE/ EeHeNMUWPCeISKI?

)

(8]

(@]

(@]

(@]

(@]

c COMMCON BLOKTE CONNECTS CCNTAMe CATAINs MAIN ANC PARPCY.
COMMON /BLOKCS8/ CIMsPATHMX S o VELMAS

[o COMMON ZLCKT? IM CHKHITeCCNY EMeMAINWSHACE+SPEITSTRAJEC ANC TRANSL.
COMMON /3LCKC®3/ NENWPDSI(3)

C CCMMCN BLCKIC CONNECTS CONTAPMIMAINSSFHITSTRAJEC AND TRANSL.
COMMON /83LO0K12/ NEWVEL (3)y DILTAT

o CCMMON BLOK11 IN CONTAMsEFIELDWMAINSRNCPOS+SPHITYTRAJECIVNCRML S
COMMON /8L0OK11/ POSVEC(Z)

C COMMON BLOK1Z CCNNECTS ZONTANMe MAIN ANC TRAJEC.
COMMON /3LOK12/ GCMASS +VELVEZ(3) <ILOST

[+ CCMMCN BLGK1I3 CCNNECTS CHKHITe CONTAMy MAIN ANC SPHIT.
COMMON /8L0K13/ IHIT(2)

[of COMMCN BLCK1IL CONNECTS CCMNTApe EFTELLCe MAINs SKACE AND TRAJEC,.
CIMMON /83L0K14/ TIPANEL ¢ ISHADZ

[¢ CCMMCN 8LCKIE N CHKHITsCONTAFMsEFTIELLy MAINsRNDPCOSsSHADEYVNORML .
GIMMON /BLCOK1S/ ISECTR

(ol CCMMON  gLGK1E CCNNECTS MAINs RNCFPOS oSHADE AND VNORML.
COMMON /BLOXK16/ NPNL

c COMMON pLOK17 CONNECTS CATAIN MAIN ANC YANGL.
COMMON /BLOK17/ PVEL+ACCMIN

c CCMMON ELOK1& IN DATAINIECIELCIESURFoMAINY RNOPOS »SCPLO T» SHADE .
COMMON /BLOK187 SP1sSP2,SP34+SPH

C COMMON BLOK1€ CONNECTS DATAINs EFIELC» ESURFeMAINe RNDPOS AND SCPLCT.
COMMON /3LO0OK19/ SPO1leSPN24SP33

o OCMMCN BLCK2C IN CHKHITs EFIELCs MAINs RNDPOSs SHADE AND VNORML.
COMMON /8L0K2C/ TANTYHl1»TANTH2 o TANTH3eTANTHY

o CCMMON BLCKZ21 IN CHHKHIT+CONTAMIEFIELCoMAINIRNCPOSsSHADE» SPHI Te SCPL
COMMON /78L0XK217 21¢22¢Z3e24925

c CCMMCN BLCKZ22 CCNNECYS MAIN AND VNORML .
COMMON /8LCK22/ VELNPM(Z)

C COMMON BLCKZ23 CONNECTS EFIELCe MAIN ANC SHADE.
COMMON /BLOK23/ XYWAKE+ZWAKE ¢ JPOT

C . CCMMON BUCK24 CCNNECTS EFIELCe ESURF ANC MAIN.

COMMON /BLOK2U/ALAM3(2) s ANPHOT(2) o AKPHOT(2)¢EFEL{2)¢EFED(2)y DEBo
IAMAT(S) 9EL (2D PHIEL(2) sPHIED (2) v ALAMAV 9 PHIAVE ’
o CUMMON SLCK 2L TONNICTS ZOMTAM, CFIELCe MAIN AN TRAJUEC,
CTMMCN /BLEKIE/ IVEC(LY)
COMMON 2LOK25 CONNECTS TATAINe MATN ANZ FARPOT.
COMMCN /ZLC¥ZE/ MAT AV ’
COMMON ZLCK23 CONNZIZTS DATAINSEFIELZ,SSURTeMATN AND PARPOT.
COMMON /BLLAZS/ AKTEWAKTP s ANE
SOMMCN 3LOA3C CONNECTS CATAIN ANZ MAIN. .
COMMON /RLCKZC/ACRHO(Z) 9019029029049 N1 e NZ9eS RMAX 9 SRMIN

(9]

(¢]

O
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FULDET DRIVER

2o CPSILNSELECT eATVEL (3) o TMISSy KPLOT
CCMMON 3LTKTZZ CONNECZTS CONTAM, EFTIFELC AND MAIN.
COMMON /8LCX3I1/ NRMISS
ESUIVALENCE (FVAP (1) VAP (1)) o (FPKACCIL) +PKACC(1)) @ MAIN» RELFEAS
EQUIVALENCE (K1D¢JSIZE) e (KcDe JVEL
T OFORMATUZHI /77 21Y. e "MASS CGROUF*»IZwSXe'VELOC, CROUP*9IZeSX
1*HISTORY NCe'e IS )
READISe1ECC) MMLoMMUIMVLOMVLU s TCML2 ICEMU o N2 IHICUP
WRITE(Se1GCZIMML oMMUIMVL ™MV Ue ISMLy ISMUIN29IHICUP
1€CC FORMAT(S(TIZy X))
T2 3885 IT-1e.IHICZUP
ocf CUMMYZRANCNC (1 .oC.) @ INCREMENT THE SYSTEM RANDCM NUMEBER GEN.
Pr=3,14159
DRHOZADRHO (MAT)
ALPHATATAN(2.+1 oEUsSQGRT(AKT? )/ (AVP+SAGRT(PI))) 3 WAKE HALF ANG.
DRPICE=CRHC*FI/E.
TANTH1-D1/(SP4-SPO3)
TANTH2=-CZ/ (SP4-SPC2)
TANTH3=-C4/(SP2-5P01)
TANTHU=TAN(PI/2.-ALPHA)
700 FORMAT(LIXs*THE TANGENTS FOR CONE ANSLES ARE*»4{GI.4e2X})
WRITE(Es7CC) TANTHL1oTANTH2eT ANTHI T ANTHY

XYWAKE=(SPL4+SQGRT (SP4sSP448,*SP1s (SP2-SP4I/PI)V/2,
ASPI16.¢SPle(SP3-SP2)
ATF=PI+SPC1ss2
ATS=PI+(SPC1l¢SP2)¢SARTI(D4* DU+ (SP2-SPC1)e (SP2-SPO1))
ATIZASP4ATS+ATP
AT I=PI*({ SPD2+SP4)*SQRT (D2« D2+ (SPU-SPC2) s (SP4-SP0O2))
ATCTz-AI+AII
PRIZAII/ZATOT
ABPz-PIsSP 3292
ABCSZPI*{SPO34SP4)+SART (D11l ¢+(SP4-SP03Y o{SP4-SPO3))
WRITE(GE9 7C2) ASPs ATP o ATS» AT+ AIIs AT QT s PRI« ABP» ABCS
T02 FORMATE 1Xo®ASP =007 e 3X e ATP =957 30 3Xe *ATS =9 G7e303Xe *AI="
1676 303Xs *ATT =267 303Xe *ATOT 2967 o393Xs *PRI="sGC76303Xe*ABP="¢€7.3
2¢3Xe*ABCS=%9G7.3)
SCTARG=FPSILN* AKTE/ (ANE*ELECT)
SUMFL = 0.0
IVeSsc = C.C
SMVESC=C.
ACCUM1Z=C,
ACCUM2=0.
ACCUM3=D. @ FOR NRMISSe SEE EFIELD
DO 3 LM=1.18
3 ANGDIS(LMICZ=C., @ INITIALIZE THIS ARRAY EXPLICITLY.
10 SR=10.0*{C.5¢ (ALCGIC(SRMIN) +ALOGL1O(SRMAX)) )
Z1=SORT(SQT ARGJ*SR @ DEBYE LENGTH AT RADIUS SR
22=71+D1
23=22+4D2
Z4=23+D3
28=24+D4
DEB=1l1
CALL ESURF
WRITE(Gw T20)Z10Z2¢23vZ4e25
72C FORMAT (IX» *Z1="s GIulip2X 9 *Z2= "9 6 alio ZX9» "23=%9 GO ol 92X 9 "ZHZ*3GT uli s
12X %2527 9G9.4)
INAKE=Z8-XYWAKEsTANTHY
WRITE(G+701) XYWAKEsZWAKE
701 FCRMAT  (1Xse "XYWAKE=*eFCololiXy *ZWAKE="sFS el }

c THE AL'S ARE THE Z-AXIS INTERCEPT FOR THE APPROPRIATE CONE.

ALU1)=Z2-SP4=TANTH1
AL(2):Z22-SP4 s TANTH2
ALC3)=24-SP2TANTH3
ALUY)CZWAKE
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WRITEC(E»721) AL

721 FORMATC1Xe*THE AL ARRAY CONTAINS'+4{G9.4¢2X))
IF(KPLCT.EG.1) CALL SCFLOT(IGOON) & SPACECRAFT PLCT.
IFUIGOONCE@.-1) STOP
SMOLD1:=10,%* (-18.,142+49,92 -~ 1.5¢ALCCIC(SR})

DO 200 IMV=MVLMVU 3 MVU.LE.3
PVEL=APVEL (I¥V)/SQRT (SR}
DO 250 IMM=MML+MMU @ MMU.LE.1lC

PMASSE=IMM-12
PMOSSE=PMASSE~1.
IFtIMM EG,1) PMASSE=-10.52
TF{IMM.EQ.10) PMASSE=~2.52
c CALCULATICN CF COMETARY METE (RGIC FLUY PER NASA SP 2C83.
IF(PMASSEL.LE.=-64C) GO TO 11
SL0610:=-12,173-1,212¢FPMASSE-1.5¢ALOCIC (SR)
. G0 TC 12
11.5L0Gg1C=-18,142-1 ,584*PMASSE~ LE3* pMASS E% PMASSE-1,5ALOC1C (SR)
12 PMASS=1C a2 (PMATSE-Z,) 3 IN KILOGRAMS,
SMNEW1z1C ,##(SLOC1IC)
IF{IMM.EQ.1) GO TO 25
TF(IMM EQ.1C) GO TO 2%
TF{IMMeEQ+2) PYOSSE=-10.52
IF(PMOSSELLE.-G.) GO TO 132
SLAGL0=-18.173-1.213*PMOSSE-1 «5¢ALO310(SRY
CMCLD1=10,.,%*(SLAG1C)
G0 To 25
12 SLAG10=-18,142-1,584*FM0SSE- ,CET* PMLSSES PMCSSE-1.5ALCC1C (SR)
SMOLD1=10.+¢(SLAGLD)
2¢ SM1=SMNEW1
TECIMMSLECS) SM1-SMOLD1-SMNEAW1 3 JRCUP ND. DENSTITY
2 FLUXM1CIMV,I¥M)= ,25+PVEL*SMI/3,
FLTOTSFLUXMLOIMV o IMM) «ATO Te TMISS* 8,54 EY
WRITE(EsTCE) IMMyIMV »PMASSyFVELsFLUXMI (IMVeIMM)eFLTCT
705 FORMATU 1Xe *MASS GROUP="s I3 2X9s*VELOCe GROUP="sI30/e1Xe *THE METEOR
1CID MASS IS*+1PGlC.492Xs *THE METECRCIC VELCCe IS*»1FC1Cel s
2/91Xs*WITH A GROUP FLUX OF*+1°51G.l4y 3X9s *ANC
ITHE TOTAL METECRCID IMPACTS (F THIS TYPE EXPECTED ARE'+G2.4)
TE{FLTOT«LT.3.01) GO TO 24C

CALL YANC1 @ CESCRIEBES SULRFACE MV°*NMT
IFLISKIP.Z3.1) 58 TC 75C
?7 CALL RELEAS @ CET.FART.RELEACE PARAM.

D0 80C1 I=1.18
8CC1 VANGDS(I)= 0.0
DO 8000 I=1,5
8CCC WNET2(I)= C.C

c ALGORITHM TO PACK VAP ARRAY
VAP2(1)= ABS (VAP (1))
IJ=2

ISFUN(13=1
DO 8100 T=2sK0O
DC 82CC II=IJsXC
ISFUN(INI=II
IFCABS(VAP (TI)) . LE. C.5*ABS{VAP(TJ-1))) GO TQ £3CO
8200 CONTINUE
823CC IFIXZISFUN(I}
VAP2( IV 0.5+ (ABS(VAP (IJ-1))¢ABS{(VAP(IFIX)))
IQuIT=1
TIF(ISFUNCI).EQe KO) GO TO 8420
TJzISFUN(T)*1
810C CONTINUE
840C CONTINUE
TAUIT=IAUIT+1

VAPZ (TGUIT)=ABS (VAP (KO) ) L\GE‘S
WRITE(6,3501) IQUIT NP’L? Mxﬂ
RIG 0
0 R Q
oF 200
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3s0C
3501
3sCz2

(9]

400cC

4001

7C9

710

3
32

eGC1

gce3
3ce?2

FULDET DRIVER

CO 35CO ITEMP=1+.IQUIT

WRITE(B6+¢3502) ISFUN(ITEMP)VAP2(ITEMP)

CCNTINUE

FORMATU 1HC e *TQUIT="9T2¢// ¢3Xe *ISFUN 10X e *VAP2%4//)
FORMATEEXsI2+1CXs 1PGCS.4)

EXIT WITH GROUP POINTING ARRAY IN ISFUN(I}IJQUIT IS NO. OF GROUPSe
AND VAP2(I) IS GROUF VEL. ARKAY

DO 40 J=1sN2 8 INNER MONTE CARLO INDEX
DC &4COC I=1s%

WNET(I)=0.0

C0 4CC1 I=1.18

WANGDSt I)1=CaC

WRITE(E2) IMMeIMVeJ

CALL RNDPOS @ DETERMINE IMPACT LOCATION
DC 29 K=1+3

POSHID(KI=POSVEC(K)

NEWPOSEKI=POSVEC(K)

CALL SHADE

TSHHID=ISHACE

IPHID=IPANEL

ISEHID=ISECTR

WRITEtGBe709) POSVECe ISHADEe IPANELe NPNLe ISECTR

FORMAT(1Xs *THE RANDCM POSITICN VECTOR IS°*»
1 3(63e89¢2X) e/ 9 ISHADE="0I2¢2X
2*IPANEL ="y I2e2Xs *NPNL="9JI292Xe *ISECTR="+12)

CALL VNORML 3 NORMAL UNIT VECTOR 3POSVEC
WRITE(Es710) VELNRM

FORMAT( 1Xe *THE NORMAL VECTOR FOR THIS CASE IS *e3(G9% 802X )}
IFCISHADE.NE.O) G0 TO 31

CALL EFIELD

PHIC=PHIEL (JPCT)

GO To 32

PHIC=PHIED (1]}

CONTINUE

PHIDE=PHIC

D0 5000 JSIZE-IGMLIGMU @ JSIZE.SQ.KID GRAIN LOOP
DIM=DDIA(KX1D)*1.CE-6

COEFRP==T7 .,E-EoP I¢ .25 (DIM/SR) *s 2 @ RADIAT ION PRESSURE FORCE IN SUN
CONSTA=2 «oPISEPSILN=DIM @ CONVERT ~PHI TC —Q
GMASS=DRPIO6*(DIM=e+3)

DC 6000 JVEL=1+IQUIYT SJVEL FGUIV. KCC .ERAIN VEL LOCP

CALCULATE RELATIVE PROBABILITY OF JSIZEe JVEL PAIR

IF(JVEL «EQ.1) GO TO S0C1

IF(JVEL .£Q. IQUIT)Y GO TO 29303

IFIX=ISFUN tJVEL)

IFIX1=ISFUNC(JVEL-1)
PBVELC=PREDIAIJISIZE)e (PRBVEL(IFIXy JSIZE)~-PRBVEL(IFIX1sJSIZE D))

GO TO 3002

PBVELC-PRBDIA(JSIZE)*FRBVEL(1vJUSIZE)

G0 TO 3002

FBVELC= PRBDIACGJUSIZE) o (1 .,-FPEVEL(KCyJSIZE))

CONTINUE

WEIGHT=PBVEL C* ANNORM GTCTAL ERAINS THYS SI2ZE AND VEL REMOVED BY MT
VELMAG= VAP2(JVEL)

DC 25 NNZ-1,2 @ VELOC. VECTOR (INITIALLY)
POSVECI{ NNI=POSHID(NN)

VELVEC(NN)ZVELMAG*VELNRM (NN) @ EUTLD INITIAL VELCCITY VvECTOR.
PHIOZPHIDE

PRTCHG=CONSTA*PHID

ISHADEZISHHID

TFANEL=IPHID

TSECTR=ISEHID

WRITE(Ee 711 ) JUSIZEWDIMe COCEFRP v CONST A+ PRTCHC » GMASS
1+PRBDOIACJSIZE)
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711 FCRMATUEINHC o /77 91X 0 * S TIZE=%0 Y20 2X o "CIM-"0G9.492Xs *COEFRP=*eGT 402X
L1*CONSTAZ®¢5Iale 2Xe *ORTCHIT 93340 2Xe *GMASS =9 G4l e2X o * PRBOIAZY, 63,
24)

WRITE{GeT12) JVEL oVTLMAC,PBVILS JWETISHT,VELVEC

717 FORMAT(IX e *JVEL "o T2e2X o *VELMAGS"s» GSobo2X v "PEVELC="2CSolie2X
1'WEIGHT=*+03.4e2Xe *VELVECT*93(39.442X))
IFIWEIGHT .LE, .{C1) GC TC £c<9¢
IF(GMASSeLE<D ) 50 T3 8CO0 a3 DISUGGING

VVMAX =SGRT(-1C ,»CCEFRPsPATHMX/GMASS) & £ TIMES THE MINIMUM ESCAPE vEL.

TF(VMAX oL TeVILMACAND oNPNL.NZ«=1) GO TS 36
IFOVELVECU3Y JLELCLoANC NPNL NE,-1) €GO To 91C & DEBUCGING
CALL CONTAM & TESY CASE TRAJECTORY ANALYSIS
IFCILOST, EQ,.1) GC C 38
IFCIHITI1)eEQ 1) WNET(1)WNET (1) +WEIGHT
TFUIHIT(2) tECL1) WMET(2)-WNET¢2) +WETICHT
IFUNRMISSeEQel) WNETUI3)-WNET(3I)+WEIGHT
z2 TO0 ercce
36 CONTINUE
WRITE(Es»726) VMAX
735 FORMAT{ 1HOs *GRAIN VELOCITY®elXe *EXCEEDED ESCAPE
1CRITERIAs VELZ®s2Z2XelFG2.4)
D0 37 I=1.3
27 NEWVEL(I)Z VELVEC(I)
39 WMET(HIZWNET(G) ¢WEIGHTY
WAETCER-WRNET (E)4SGRT(NERVEL (L) #22eNIULVEL(2 IasToNEWVEL () a2
1o SIGHT
THETAZ-ATAN(LEWVEL T/ SCRTUNEWVEL(LI)a8 2 aNEWVEL (2 )8} )4P] /2,
TARG=THETA®17.,99/P1¢1.
WANGDS { TARG) =W ANGOS (TARG) ¢+ WEIGHT
60 TO e000
5999 WRITECE+5998) WEIGHT
5998 FORMATU1Xe¢*WEIGHT TOO SMALL(®959,5¢") ¢LOOP SKIPPED®)
6CCC CONTINUE QGRAIN VEL LOOP ENC
500C CONTINUE QGRAIN SIZE LDOP END
IF(WNET(4) oGTeC0o) WNET(S)=WNET(SI/WNNET (4)
WRITEC(E6¢9100)POSHIDI IMM,IMY
91CC FCRMAT(1H1+*BOX SCORE FCR RANDOM POSITION®s2Xs1P3ES<202Xs *AND METE
10ROID MASS GROUP*¢I3e2Xs*METZOROID VELOC. GRCUP'eI3)
WRITE(E€+9101) (WNET(I)eIZ1+4)
9101 FORMAT{1HOs»*NOe SAFEHITS®e2XeG9¢5¢/+1Xv*NOe RECONTAM HITS®¢2X9G9.5
10/91Xe*NO, NEAR MISSES *+2XeGCSe5¢/91Xe*NOe ESCAPES *+2X9G9aE)
IFCUNET(8) 6T 4Ce) WRITE(G6+9102) WNET(S)
91C2 FORMAT(1Xs*AVE, ESCAFE VEL. *»(G9.5)
02 3200 I=1.S
92CC WNET2(IV=WNETZ (I} +NNET(I)
DO 9201 I=1.1%
92C1 VANGDS(I)= VANGDS(I)+WANGDS(I)/N2
4C CONTINUE @ POSITION LOOQP END
WNET2(S5)IZWNET2(5)/N2
WRITE(6+9300) TIMMsIMVN2
93CC FORMAT(1H1»*BOX SCORE FOR METECP OIC MASS CGROUP®+I3¢s2Xs *AND VFLCC.
1GROUP* 9o I3¢/ 901 Xe"SUMMED OVER ¢ T5+2Xe'POSITTIONS )
WRITE(Es2101) (WNETZ(I)eI=1vu)
WRITE(B99102) WNET2(E)
ACCUM1IZACCUMI+WNET2(1)2FLTCT
ACCUM2Z2-ACCUM2 «WNET2(2)¢FLTOCT
ACCUMT-ACCUMZ+UNETZ2(2)sF{TOT
IVESC=IVESCeWNET2(4)sFLTOT
SUMFLZ=SUMFL+FLTOT
SMVESC=SMVESC+WNET2(S)eFLTOT
DC 94CC J=1+18
I40C ANGDIStJI=ANGDIS(J) +VANGDSU(U)«FLYOT
G0 TO 258C
750 WRITE(6¢751)
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751 FCRMAT(1HCs+*ZERO IN ACCELEPATION ARFAY» THEREFORE SKIP TO0 THE NEXT

2 OUTER LOOP")
60 TO0 25T

240 WRITE(Be 241)

241 FCRMAT(1HC» *FLUENCE TOO SMALLY SKIP THIS LOOP')

250 CONTINUE AMETESROID MASS LOC> EIND

20C CCNTINUE GMETECRCID VEL LCCF ENC

SC CONTINUE
» *
SAFZINOZACZUMI/N?2
FITNC ZACCUMZ2/N2
ANRMISZ-ACCUMI/NZ
IVESC: IVESC/N2
WRITE(G+100)

1CC FCRMATUIHL *BCX SCOFE FCR OVERALL ERSEMEBLE OF METECRCIC MBASS AND WV

1EL0CITY GOUPS*)
WRITE(E992C1) TAFENCPHITNC»ANFMISeIVESC
VAVEZSC = SMVESC/ SUMFL
WRITE(ESTED VAVESC
76C FORMAT(L1HC1Xs*THE AVERACE E5CAPE VZLOCITY‘IS'oZXolPGS.Q)
DO 320 K=1.18
32C ANGDEG(K)=10. K
WRITE(EsTES) (ANGDEGU(I) o ANGDIS (I)eI=1s18)}

765 FORMAT(1HO¢*THE ANGULAR DISTRIBUTION FOR THE ESCAPED VELOCITY VECT
10R RELATIVE YO THE 42 DIRECTION®s//¢1X e "DEGe *o&Xv *NOe ESCAPES®»//»
218(1X¢Fe.0¢8X+1PG10,39/))

ANGTOT=C.

DO 333 J=1.18
322 ANGTOT=ANGDIS (J) +ANGTOT

WRITEt(G6¢335) ANGTOT,IVESC @ DIAGNOSTIC PULL LATER
335 FCRMAT(IHC» *ANGTOT =*9sC1Ce294X9 *IVESC="+C10.2}

* . [

STOP

800 WRITE(6+801)

801 FORMAT{1Xy*THE MASS VALUE GM2SS IS INCORRECT®)

802 STOP

81C WRITE(E6»811)

811 FORMATI{1IX+*THE VELOCITY VECTOR IS INCORRECT')

812 STOP '

END
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SUBROUTINE PARPOT
SUBRCUTINE PARPOT

CALCULATICN CF THE TIME DEPENDENT CHANGE 1IN
AT A GIVEN POTENTIAL (PHIC)

OO0

COMMON /BLOKCY4/ COEFRP+CONSTAs PRTCHCsPHIO

O

CCMMON /BLGKG8/ DIMyPATHMX9SEeVELMAGC

c COMMON BLCK1l4 CONNECTS CONTAMs EFIELDe MAIN,

COMMON /BLOK14/ IPANEL ,ISHADE

COMMON SBLCKO4% CONNECTS CONTAMe MAIN: PARPOT,

POTENTIAL (PHICNG)

SPHIT AND TRAJEC.

COMMON BLOKOS CONNECTS CONTAMs OCATAINs MAIN AND PARPOT.

SHADE AND TRAUJEC,

c COMMON 3LOK26 CONNECTS DATAINe MAIN AND PARPOTY,

COMMON /BLOK26/ MAT.AVP

C COMMON BLOK27 CCNNECTYS PARPOT AND TRAJEC
COMMON /BLCK277 PHICNG

c COMMON B3LOK28 CONNECYS CATAIN AND PARPOT.

COMMON /BLOK28/ A(3)sB(3) yMATFOS (3)+SOLSPCU185+2)sYIELD(1503)YIEL

1DP(16+2)

c COMMON BLOK2S CONNECTS DATAINeEFIELL+ESURF+MAIN AND FARPOT.

COMMON /3LOK29/ AKTEs+AKTP sANE
EQUIVALENCE (DIAM+DIMYs(RDIST +SR)

% FORMAT(1HGeERROR IN FARPOTe PHIO EXCEEDS RANGE AND EQIALS®e 3XsELD

1.8}
5 FORMAT{1HC,*ERROR IN PARPQOTe YIELDP ARRAY.

o

Ooon

PHIMINZ=-3,*AKTE
IF({ISHADE+GE.DO«OR<PHIDLGBTPHIMIN) GO TO 15
PHICNG=O,
RETURN
15 ONEALP=1,.C
IF{PHIO.GT.0.0) GO Y0 20
ALPHAZ(A(MAT)-BIMAT)}*PHIO)/ ( AKTE-PHIO)
ONEALP=1.-ALPHA
2C CONTINUE
CLlT{ANE/%3.) *SART(AKTE)*6.7ES
2=(ANE/4.)sAVP
CIZ{ANE/16<18SART(AKTP)®l1.6C%
IFCISHADE? 15CC»10s11CC
10 CONTINUE
IFRONT = C
TOTYLD = 0.0
MATP = MATPOS(MAT}
PHIUSE = Q.0
IF (PHIC +GT. 0.0} PHIUSE = PHIC

PHIBAS IS THE WORK FUNCTJION

00

PHIBAS = YIELDP(MATP,1)
ENGBAS = PHIBAS + PHIUSE

OO

YIELD RANGEsy IT.Ee WORK FUNCYICN (APPROX. }

PHOTOEMISSION (APPRCX.)

OO0

IF tENCBAS +tT. .0022481) ¢€C 7O 30C
IF  (ENGBAS .LT. 23.86) GC TO 150
G0 TO 2000
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SUBROUTINE PARPOT

c
C THE ENERGY IN SOLSPC CLOSEST TO ENCBAS IS FCUND AND THE RELATED
c INTEGRAL OF IRRADIANCE STORED IN SPECi. IF A HIGHER RANGE OF
C YIELDP WAS NEEDEDs THE YIELD FROM THE PREVIOUS PARTIAL RANGE IS
c STORED IN TOTYLD.
c
150 DD 200 J=1s 185, 1
IF  (SOLSPC(Jel) LT, ENGBAS} GO TO 20C
Js = J
IF ((SOLSPC(Js1) - ENGEAS) .GT. (ENGBAS -~ SOLSPC(J-1s1)) )
2 Js = J-1

SPEC1 = SOLSPCtJS»2)

JT = JsS ¢ 1

MATP = MATP + 1

IF (IFRONT .EQ. 0O) Go T0 500

TOTYLD = TOTYLD + ((SOLSFC(1e2) - SPEC1) @ YIELDIMATP-2»

2 MATY) / (YIELDP(MATP-2¢2) ¢ 1.6E-16)
60 T0 SO0
200 CONTINUE
C NEW VALUES OF ENGBAS ARE CALCULATED BY STEPPING UP THE YIELDP RANGES
c UNTIL A LARGE ENOUGH ENERGY IS FOUNC TC FIT IN THE SOLAR SPECTRUM
c RANGE.
c

300 IT = MATP ¢ 1
CO &400 Iz IIy 15+ 1
ENGBAS = YIELOP(Iel)e PHIUSE
IF (ENGBAS .LT. .001241) GO0 TC 80C
MATP = I
IFRONT = 1
GO TO 15C
4€CO CONTINVE
GO TO0 2100

THE YIELDS FOR EACH ENERGY RANGE OF YIELD ARE ADDED USING THE
IRRADIANCE VALUES OF THE SOLAR SPECTRUM UNTIL THOSE ENERSIES
EXCEED THE SOLAR SPECTRUM RANGE.

VOOOOO

0 ]] D0 80C I= MATPe 169 1
ENGBAS = PHIUSE+YIELDP(I»1)
00 600 Jz JTe 185, 1
IF (SOLSPC(Jv1) .LT. ENGBAS} GO TO0 €00

Js = J
IF ((SOLSPCtJsl} - ENGBAS) .GT. (ENGBAS -
2 SOLSPC(J-1,1))) Js = J-1

SPECZ = SOLSPC(JUS»2)
JT = JS + 1

G0 YO 700
6gpe CONTINUE
6¢ 1C eso
700 TOTYLD = TOTYLD + (SPEC1 - SPEC2) e YIELD(I-1s» MAT) /
2 (1.6€-16 @ YIELDP(I-1.+ 2)})
SPEC1 = SPEC2
soc CONTINUE
ENGTOP = 24.8 - PHIUSE
c
C HERE A FINAL YIELD IS ADDED FOR THE HISHFST ENERGIES OF THE SOLAR
C SPECTRUM.
c
TOTYLD = TOTYLD + ((SPEC1 - SOLSPC(185+2)) o 2.0 o YIELD(1Ss MAT))
2 / ({27.5 & ENGYOP) e 1,6E-16)
6o T0 900
850 TOTYLD = TOTYLD + ((SPEC1 -~ SOLSPC(185¢2)) e YIELD(I-1eMAT}) /
2 tYIELDP (I-252) * 1.6E-16)
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SUBROUTINE PARPOT

seC TCTYLD = TOTYLD @ 1C00C.0 / zZ.C

c
C THE VALUE OF PHICNEG IS CACULATEL USING THE VALUE FOR THE TOTAL PHOTO-
c ELECTRIC YIZLD OBTAINED -- TOTYLD.
c
IF (PHID .GT. 0.0} GO To 925
c PHIO.LE.C.
PHICNG=2,88E-9¢3,14153sDIAMe( ~-CLleEXP(PHIO/ AKTE)SONEALP+C2 +
1TOTYLD)/(RDIST*RDIST)
RETURN .
c PHIC«GT .0,
925 PHICNG = 2.,8BE-9 ¢ 3.14159 s DIAM ¢ (-C1 * SQRT(1.0 + (2.0 ¢
2 PHIO/AKTE }YsONEALP+C2 +TQTYLD)/(RDIST+RDIST)
RETURN
c

C PHICNG IS CALCULATED WITHOUT ANY PHOTOCLECTRIC OR PROTON EFFECY
c BECAUSE THE PARTICLE IS IN THE SHADE ANC IN THE WAKE .

c

i1sco IF (PHIC .6T7. 0.0) €0 TC 1600

C PHIOLLE.O.
PHICNG=2.8BE-9%3,14159+DIAM® (~CL1I*EXP(FHID/AKTE )sONEALP/
2{DIST*RDIST)
RETURN
c PHIO,GT.0.

160C PHICNG=2 ,88E-943,14153+DTAM* (~C1)9SQRT (1.4€2.sPHIC /AKTE })
20CNEALP/{ROISTeRDIST)
RETURN

PHEICNG CALCULATED FOR SHADE EUT OQUTSIDE THE WAKE.
REF, *74 SEMI-ANNUAL REPORT (J3®2)

OO0 0

110C TF(PHIO.GT.Ce) GO TO 1200
PHICNG=2 .88E~9+3.14159sDIAMs (-C1 *EXPC(FHIO/AKTE JsONEALF+C3IsSGRTH
11. {2, *PHID/AKTP)))/tRDISTSRIIST) 3 PHIQLLE.C.
IF(PHICNG .LT .C oD ANC.PHIC. LE .PHIMIN) PHICNG:=0.

RETURN
120C PHICNG=2,88E-992.14153+DIAMs(-C1 *SGRT(1.4¢2.9PHIC /AKTE)} ) *ONEALP+
1C3+EXP{ -PHIO/AK TP ) I/ (RDIST#RIIST) 3 PHIO.CT.0.
RETURN
2000 WRITZ(6e4) PHIO
GO TO 9CC
21CC WRITE(GeS)
STOP
END

ORIGINAL PAGE IS
OE POOR QUALITY
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PYRO EVENT DRIVER

sess NASA (JPL sse» D. EDGARS (BIONETICS)» Jo BARENGOLTYZ (JPL) ess»
VERSION OF MAIN FOR PYRD CALCULATION IN RECONTAMINAT ION

REAL NUs NEWPOSs NEWVELs IVESC

DIMENSION WNET(S)sMNET2(S) oVAP2(36) ¢ ISFUN(3E)eWANGDS (1810

1 VANGDS(18)

DIMENSION ANGDEG(18) ¢ ANAMZ (3)

DIMENSION POSHIDIZ)

DIMENSION  “ VAPI3S)e PKACC(3S)

DIMENSION ANCDIS(18)

COMMON BLOKO1 SONNECTS DATAINs MAIN AND RELEAS.

COMMON /BLCKC1/ AKM oDRHC o K1oFRBVEL(25+10)+CRE1C)sSICeDDIA(1IC)
1+ANPART ¢ ANNORM¢PRBDIA (10}

COMMON BLOKG2 CONNECTS CHKHITe MAINy RNDPOS AND SHADE.

COMMON /BLOKG2/ AL(M4)

COMMON BLOKO3 CONNECTS ESURF» MAIN AND RNDPOS.

COMMON /BLOKC3/ ASPsATP yATSePRIGATOT ¢ ABP¢ABCS#AITI

COMMON BLOKCG CONNECTS CONTAMs MAINs PARPOTe SPHIT AND TRAJEC.
COMMON /BLOKCH/ COEFRP ¢CONSTA¢PPTCH3 ¢ PHIQ

COMMON BLOKCS CONNECYS CATAINe MAINs RELEAS ANC YANG1

COMMON /BLOKTS/ KOePMASSIPRHI9RS(35) ¢ FYAP(35) ¢FPKACC(35),RHO
COMMON BLOKOE CONNECTS DATAINe MAIN ANC YANG1.

COMMON /BLOKOG6/ E+HeNUsPDoISKIP

COMMON BLOKOE® CONNECTS CONTAMs DATAINs MAIN AND PARPOT.

COMMON /BLOKDS8/ DIMsPATHMXeSR ¢+ VELMAG

CCMMON BLOKOS IN CHKHIT+CONTAMeMAINsSHADESPHIToTRAJEC AND TRANSL.
COMMON /BLOKDO97 NEWPOS(D)

COMMON BLOK1IC CONNECTS CONTAMs MAIN»SPHITSTRAJEC AND TRANSL.
COMMON /BLOK10/ NEWVEL{3)e¢ DELTAT

COMMON BLOK11 IN CONTAM+sEFIELDeMAINs RNCPOSsSPHIT»TRAJECIVNORML.
COMMON /BLOK11l/ POSVEC(3)

COMMON BLOK12 CONNECTS CONTANMs MAIN AND TRAJEC.

COMMON /BLOK12/ GMASS oVELVEC(3) +ILOST

COMMON BLOK13 CONNECTS CHKHITe CONTAMs MAIN AND SPHIT.

COMMON /BLOK13/ IHIT(2)

COMMON BLOK1& CONNECTS CONTApe EFIELDe MAINs SHADE AND TRAJEC.
COMMON /BLOK1%/ IPANEL ¢ ISHADE

COMMON BLOX1S IN CHKHITeCONVAMSEFIELDY MAINsRNOPOS »SHADEeVNORML.
COMMON /BLOK15/ ISECTR

COMMON BLOK16 CONNECTS MAINs RNDPOS +SHADE AND VNORML.
COMMON /BLOK16/ NPNL

COMMON BLOK17 CONNECTS DATAINs MAIN AND YANSI,

COMMON /BLOK17/ PVEL ¢ ACCMIN

COMMON BLOK1E8 IN DATAINSEFIELDESURFeMAIN» RNDPOS»SCPLO To SHADE.
COMMON /BLOK18/ SP1eSP2¢SP3eSPN

COMMON BLOK1S CONNECTS DATAIN EFIELC» ESURFeMAINs RNDPOS AND SCPLOT.
COMMON /BLOK19/ SPO1¢SP02+SPD3

COMMON BLOK2C IN CHKHITe EFXELDs MAIN» RNDPOS» SHADE AND VNORML.
COMMON /BLOK 20/ TANTHLeTANTH2¢TANTH3<TANTHSG

COMMON BLOK21 IN CHXHIT+CONV AMeEFIELCs MAINsRNDPOSsSHADES SPRI T SCFL
COMMON /BLOK21/ Z1¢Z22¢23¢28+25 '

COMMON BLOK22 CONNECTS MAIN AND VNOFRML.

COMMON /BLOK22/ VELNRM{3)

COMMON BLOK23 CONNECTS EFIELCs MAIN AND SHADE.

COMMON /BLOK23/ XYNAKEsZWAKE » JPOT

COMMON BLOK2& CONNECTS EFIELLs ESURF ANC MAIN.

COMMON /7BLOK28/AL ANB(2) s ANP HOT(2) ¢ AKPHOT (2)sEFELI2)0EFEDI2 )¢ DEB

TAMAT (S oEL (2o PHIEL (2) oFHIEC (2) 90 ALAVAV Y FHIAVE

COMMON 3LOK25 CONNECTS CONTAM, EFIELDe MAIN AND TRAJFC.
COMMON /8L OK25/ EVEC(Z)

COMMON 8LOK26 CONNECTS DAYAINs MAIN ANC PARPOT,

CCMMON /BLOK26/ MATAVP )

COMMON SLOK2S CONNECTS CATAINJEFTELD9ZSURFeMAIN AND PARPCT.
CCMMON /BLOKZ2S/ AKTE+AKTP s ANE

COMMON BLCKIC CONNECTS DATAIN ANT MAIN.
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PYRO EVENT DRIVER

CCMMON /BLOW2C/ACRHC (Z) 90100 Z0 0390l NI o NZsSRMAX G RMIN
LeEPSIULNeELECT oAPVEL {3} 9 TMISSe LFLOT

c CCMMCN SLCK3L CONNECTS CCMTAMy EFIELC AND MAIN,
COMMON /B8LCKZ1/ NRMISS
c CCMMON BLIKZZ CONNECTS FYRFCM ANC RNZPCS.,

COMMON/3LCK 32/ PRMIN +PRYAX
CAUIVALENCE (FVAP (1) +VAF (1)) s(FPKAZCtIVsPKACC(I}) & MAINe PELEAS
EQUIVALENCE (K1D0+JSTIZE) s (KCDe JVTL)
I=2.1428¢ '
DRHOZAD?HCIMAT)
ALPHAZATAN (2 ,# 2, EEU*SGRT(AKTFI/ZIAVE*SQRT(PT)}) @ WAKE HALF ANC.
DRPIOG=ORHG*O I/5S,
WRITE(Es1)
FORMAT{ 1 H1l,»*THZ FOLLOWING ARI 5ENERAL SPACECRAFT MODEL DATA®)
TANTH1:=C1/(SF4-SFPC3)
TANTH2:z-D2/(5P4-5P02)
TANTH3:=-54/(SP2-SPC1)
TANTHUSTAN(PI/2e-ALPHA)
WRITEC(E®TCC) TANTHISTANTH2+T ANTHZ»TANT KUY
700 FORMAT{L1HCs"THE TANGENTS FOR CONE ANCLES ARE® ¢4 (GOels2X))

e

XYWAKEZ{ SP4+SQRT(SPU*SP 4 +8,45P1s (SP3-SPU)/PI) I/ 2.
ASP=16,.,8S5P1%{SP3-SP2)
ATP=PIsSPClse?2
ATS=PIstSFO145P2)sSART(DY*DU+(SP2-SPC1)*«(SP2-SPC1}}
AT=ASP+ATS+ATP
ATI=PIs(SPG24SPU)sSIART(C2+02+(SPU-SPL2)I*(SP4-SPO2))
ATOT=AI+AII
PRIZAII/ATOT
ABP=PI»SPC3es2
ABCSzPIs(SPO3+SP4)#SCRT(D1#DI+(SPY-SPC3) s(SPR-SPO3) )
WRITE(GeTC2)ASP o ATPeATSoAT+ALLe ATOT+PRIvABPeABCS
762 FCRMATCIHO» *ASP =% 35T .39 3Xe *ATP = e BT o230 INy *ATS =%y GT e393Xe *AT=",
167¢ 30e3Xe *AIT =" G730 3Xs "ATOT= "9 67 3¢3Xe*PRIZY9G7303Xe*ABP=*9G7.3
202X e *ABCS='9C7,3)
SATARGZEPSILN*AKTE/ (ANE*ELECT)
SUMFL = C.C
IVESC = 0.0
SMVESC=C,
ACCUM1=0.
ACCUM2=C,
ACCUM3=0. @ FOR NRMISSe SEE EFIELD
DC 2 LM=1s1€
3 ANGDIS{LM)=O. @ INITIALIZE THIS ARRAY EXPLICITLY.
IC SR=1Ceo#((,5* (ALOGIC(SRMINI +2L0GIC(SRMAX)) )
Z1=SQRT{ SATARG) «SR 3 DEBYE LENGTH AT RADIUS SR
22=21+D1
23222402
24223403
25324408
DEB=Z1
WRITE{6+720)Z10Z2023¢24+25
720 FORMATU1HO9 *Z71=%00Selo2X s "222%eG3e492X9%Z3°90G%a892X»*Z8=% GSalts
12X 9 °25=%9C9.4)
ZWNAKE=Z4-XYWAKEs TANTHY
WRITE(6¢T7C1) XYWAKEsZWAKE
701 FORMAY €1HCy "XYMAKEZ*sFS.boliXe "ZHAKE="9FS .4}
c THE AL*S ARE THE Z-AXIS INTEICEPT FOR THE APPROPRIATE CONE.
ALC1)zZ2-SP4sTANTH1
AL(2)=22-SP4*TANTH2
ALC3)=24-SP2«TANTH3
ALU4)=ZWAKE
WRITEtEs»721) AL
721 FORMATU{1HOs*THE AL ARRAY CONTAINS®y4{GAa4s2X)}

o
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4

1111
S

1609

1600
161C

708

sGC

510
1599
1601

27
8001

scec
c

82cC
gicern

8100
8sace

g5¢

4000

8001

29

PYRO EVENT DRIVER

CALL ESURF

READ{S5¢1111) N2¢KPLOT

FORMAT (2110}

READ{5¢16C0¢ERR=50¢END=50) IAICUP¢ KOs TGML9 IGMU, IPY ROs NPY RO,
IPRMINyPRMAX s AN AME

SMTEST=C.

WRITE(E+1ECS) IPYRO

FORMAT(1Hle *THE INPUT PYRO CASE DATA CARD FOR PYRO NUMBER',I&)
WRITE(Gv21610) THICUP o KO» IGMLs IGMU»IPYRO» NPYROs PRMINe PRMAX » ANAME
FORMAT(6(I3¢2X) +2E12+5¢3A6)

FORMAT(1HC & (I392X) ¢2E12.5¢326)

TF(KPLOT<EGel) CALL SCPLOT(IGOON) @ SPACECRAFT PLOT.
TF(IGOCN E3.-11 STOP

FLTOT=NPYSR)

WRITE(E»705) IPYRG s ANAMESNPYRC

FORMAT{ 1H1e "PYRO NO <*sL1Xs I392Xy *LOCATED IN FIRST X-Y QADRANT ATe,

1//7+92TXe3ACe//9EXs *TOTAL NO, AT EQUIVALENT POSITIONS ON S/C IS'+I8)

WRITE(6+1599)

CC 510 I=1sKC

RCAD(Se1BC1l)IIDUMYLIeRS(I) +sPKACCII) »VAPI(I)
WRITE(Ge1601)IDUMYLsRS (I eFKACC(I)IVAFR(I)

CONTINUE .

FORMATCIHC»///7 92X *T*911X o *RUI) o 3X o PKACCLI)I®»9X» *VAP(I)®)
FORMATE{ I3¢3Xe 1P 3E15.5)

CALL RELEAS & DET PART+RELEASE PARAM,
D0 8001 IX=1.1%

VANGDS(I):- 0,C

DD 80CC I=1,5

WNET2(I)= C,.C _

ALGORITHM T2 PACK VA2 ARRAY

VAP2(1)z ABS (VAP (1))

1452

ISFUNI1)=1

20 81CO I=2+KC

D0 820C II=IJsKC

ISFUN(IN=I

IF(ABSIVAP(IT) ) eLEe C.5#ABSUIVAF(IJ-1))) GO TC €300

CONTINUE

IFIXZISFUN(I)

VAP2(I)z CoBe(A3S(VAP(IJ-1))+¢ABS(VAP(IFIX)))

IouIT=I

TFOISFUNEI)eZde KJ) CO TC 842C

TJU=ISFUN(I)+1

CONTINUE

CONTINUE

IQUIT=-IQUIT+1

VAP2(IQUIT)I=ABS (VAP LKD))

EXIT WITH GROUP POINTING ARRAY IN ISFUN{I)¢IQUIT IS NO. OF GROUPSe
AND VAP2(I) IS GROUP VEL. ARFKAY

DO 355 IT=1leIHICUP

DUMMY-RANONO (1 «»0e) @ INCREMENT THE SYSTEM RANDOM NUMBER GEN.
D0 40 J=1eN2 3 INNER MONTE CARLO INDEX
WRITE(G»2) IPYRO»J

FORMAT({1H1¢///791Xe"PYR0O NO "¢ I395Xs°POSITION NOL®¢I5)

DO 4000 I=1e%

WNET(I)=0.0

pO 4CC1 1=1.18

WANGDS{ I)=0.0

CALL RNDPCS 8 DETERMINE IMPACTYT LOCATICA
DO 29 K=1+3

PCSHID(K)=POSVEC (K)

NEWPOS{K)=POSVECIK)

CALL SHADE

ISHHID=ISHADE
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PYRO EVENT DRIVER

IPHID=IPANEL
ISEHID=ISECTR
CALL VNORML @ NORMAL UNIT VECTOR 3POSVEC
WRITE(5+70 POSVECY ISHADE IPANS Lo NPNLs ISECTR
7C9 FCRMAT(1HCs*THE RANDCM POSITION VECTOR IS®s
130G 4e2X)0// 01X *ISHADE="3T2 02X
ZOIPANEL =+ I2¢2X0o *NFNL =+ I2¢2Xs *TSECTR=®¢ 12}
WRITE{S+71C) VELNRM
71C FORMAT(1HC s *THE KORMAL VECTCFR FOR THIS CASE IS *+3{C1C€.8+2X))
IF{ISHADZ.NELO) G0 T¢ 31
. CALL EFIELD
PHIC=PHIEL(JPOT)
6o TQ 32
31 PHIO=PHIED(1)
32 CCNTINUE
PHIDE=PHIZ
DG SCCC  JSIZE=IGMLIGMU & JSTIZE.LEQ.K21D CGRAIN LOCF
DIM=DDIA(X1D)*1.0E-§
COEFRFPz-7 (E=G#PTs 25+ (DIN/SRIs92 2 RADIATION PRESSURE FORCE IN SUN
CONSTAZ2.oP I+ EPSILN* DIV 2 CONVIRT “PHI TO ~3a
GMASS=DRFICG#(CIMs»3)
DO 6000 JVEL=1s IQUIT ZJVEL FIUIV. KCD .GRAIN VEL LOOP
c CALCULATE RELATIVE PRC3ABILITY oF JSIZE+JVEL PAIR
TF(JVEL .£a.i) 88 TS 9ar
IF(JVEL EG. ICUIT) GO TC erc:
IFIXTISFUNGJVEL )
IFTX1z3SFUN(JVEL-1)
P3VELC=PRBDIA1ISIZE) # (PROSVELIIFIX e JoIZE)-PRIVILIIFIX19JISIZEDD
60 TC <cr2
3001 P3VELCZPRIDTALISIZE)«PBVELIL ¢JSIZD)
c TC cre2 :
G0 P3IVELC: PR3DIA(JSIZE) & (1e-223VELIKC,JSIZED)
ercs CONTINUE

WIIGHT=P2VEL SsANNCRM FTCTAL CRAINS YHIS SIZE ANC VEL REMCVED 3Y MY
VOt MACZ VAFZUJVEL)
CO 35 NNZ1.3 @ VELOCe VECTOR (INITIALLY)
FOSVECINN) =PCSHIC(NN)

35 VELVECINN)ZVELMAG*VELNRM(NN) @ JUILD INITIAL VELCCITY VECTOR.
FPID=PHIDE

PRTCHG=CONSTA*PHIC
ISHADE=ISHHIC
IPANEL=IPHID
ISECTR=ISEHID
ATEST=WEIGHT*F_TOT
SMTESTZSMTESTHATEST
TFIWEIGHT oLEe «J0140RATEST.LE.0.,05) GO TO 5999
TFU(GMASSeLECs) GC TC 8CC @ DEBUGGING
VMAXZSART(-10.#COEFRP*PATHMX/GMASS) 3 5 TIMES THE MINIMUM ESCAPE VEL.
IFCVMAX LT oVELMAGSANDNPNL.NE.~1) GC TO 36
IFCVELVECI3)aLE Do ANDJNPNL.NEL-1) EC TO 810 @ DEBUGGING
CALL CCNTAM @ TEST CASE TRAJECTORY ANALYSIS
IF(NRMISS<EQel) WNET{3IZWNET(3)+WEIGHT
IFCILCSTL.EG.1) GO TC 38
TIFCIHIT(1)eEQe1) WNET(1)=WNET(L)4WEIGHT
IFCIHITI2) (EGe1) WNET(Z)=WNET(2)+WEICHT
IF(IHIT(2)eEq<1) G) TG 3CCC
GC TO eceC

3000 CONTINUS

c THIS PRINTS THE TRAJECTORY GF THE FRevEEDINE RECONTAMINATION EVENT.
DO 3500 NN=1+3
POSVECUINN)-POSHID (NN}

3500 VELVEC{NNIZ-VELMAGsVELNRM INN) 2 3UILD INITIAL VELOCITY VECTOR.
PHIO=FHICE
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PYRO EVENT DRIVER

PRTCHGZ=CONSTASFHIC
ISHADE=ISHHIC
IPANEL=IPHID
ISECTR=ISEHID
WRITE(E¢2CCO)JeJSIZEYJVEL
2CCC FORMAT(1H1s "FOSTITION®sI6e4Xe *CRAIN SIZE GROUP®9I6e& Xy
1*3RAIN VELOC. GRCUP'¢I86)

WRITE(ELT711) DIMsCCEFRP s CONSTAs FRTCHG o GMASS
1+PR3DIACYSIZE)

711 FCRMATU1IHC v/ // 91X *CIM="969.802Xo *COEFRP="9GTe802 Xy
1°CONSTAZ " eG3e4e2Xe*PRTCHGS" 15980 2X9o "GMASS="9GIalie2Xs "PRBDIAZ=",G9%
24)

WRITE(G6e712) VELMAG.PBYELCNEISHTSVELYVEC
712 FORMAT(1X, SVELNMAGS oGS U e2X s *PBVELC="9G3 092Xy

1*WEIGHT="9G9e492Xe *VELVEC="¢3 (GYeke2X))
CALL CCNTM2 @ RECC THE CONTAM CALC. W/PRINTING.
60 To 600C
36 CONTINLUE
DO 37 I=1e3
37 NEWVEL(I)- VELVEC(I)
38 WNET(4)I-WNET(4) +WEIGHT
WNET(SYI=WNET (5)+SORT(NEWVEL (1252 2+NERVEL(2Z Jos2¢NENVEL(3)ee2)
1sWEIGHT
THETA=-ATAN (NEWVEL (3)/SGRTUINEWVEL(1)2s2sNEWNVEL(2)9s241.E-93)4P1/2.
TARG=THETA*17.99/P1+1,
WANGCS (TARCG) =W ANGDS (TARC)+ WEIEGHT
GO TO0 sCO0C
£99¢ CONTINUE
6000 CONTINUE G&GGRAIN VEL LOOP END
FCOC COCNTINUE GGRAIN SIZE LCOP ENC
IFCWNET(4) e5T o) WNEZTU(S)ZWNET(S) /WUNET (4)
WRITE(EPEEEE)
6666 FTCRMAT(1Xe15(/01X))
WRITE(E»2iCCIPCSHID
3100 FORMAT({1HTe*EOX SCCRCT FOR RANDOM PCSITION®e2Xe1P3EQ.2)
WRITELESS1I01) (WNET(I)eIzZ1ly4)
9101 FORMAT(1HZe *NOe SAFEHITS'"¢2X0 53359/ ¢1Xe*NOe RZCONT AM HITS®e2X9G9.5
10/701Xe*NCo NEAR MISCES"42X9sCCSe59/91X9*NOs ESCTAPES 9 2ZX9C8.E)
IFCWUNETL U4) 53T oC0) WRITE(Se91C2) WNIT(S)
2102 FCRMAT(1IX+*AVE . ESCAFE VELe '¢G9,.5)
09 92C0 I=1+5
Q2CC WRETZUII=WNETZ (II+NNET(I)
00 3201 IzZle13
8201 VANGDSU I}z VANCDS(I)+WANGLS (I} /NS
IF(SMTESTeL Eel0e5) GO TO 3470
4C CCNTINUE o POSITION LCOP ENC
GO T0 3475
94 7TC WRITECEPQUTHY TPYROWSMTEST
9474 FORMAT{ LHOe *THE PYRD NUM3ER*+ IE92Xe/ e1Xe*YIELDED ONLY *9 G12e4.
1Z2Xs RELEASED OCRAINS '/ 91X e °CC ON TC THE NEXT PYRO CASE®)
IYTE WNET2(5) ZWNEZT2(5) /N2
WRITE(EsSICL) IPYROQOsNZ
WRITE(Be5665)
@3CC FCRMAT(1H1e*EBOX SCORT FCR ONE PYRC CF TYPE NO&*sI392X»
17¢1Xe*SUMMED OVER® ¢ I5e2X e *POSITIONS )
WRITE(G»S1C1) (WNET2(I)eIz=1e4)
WRITE(593102) WNET2(S)
ACCUMIZACCUMI+WNET2(2)=FLTCT
ACCUM2ZACCUMZ +WNET2(2)¢FLTOT
ACCUMIZACCUMZHUNET2(3)sF L TCTY
IVESCZIVESC+WNET2{4)=FLTOY
SUMFLZSUMFL+FLTOT
SMVESCZSMVESC+WNET2(5)sFLTOT
03O 340C J:z1leld
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3103

7¢C

PYRO EVENT DRIVER

ANGDIS(J)I=ANGDIS(J) +#VANGDS{J)eFLTOT

WRITE(E»95CC)

FORMAT({ 1H1)

GC T0 £

CONTINUE

] L J ¢

SAFENOQO=ACCUM1I/N2

EITNO =ACCUM2/N2

ANRMISZ=ACCUM3/N2

IVESC= IVESC/N2

SIGTOT=SIRTI{HITNG)

WRITEtE»1CO)

FORMAT( 1Hls *80X SCORE FODR OVERALL ENSEMBLE OF PYROS®)
WRITE(Ev9UES) SUMFL

FORMAT(1X+*TOTAL NO. OF PYROS IN ENSEMBLE DURING MISSION®eG10.4)
WRITE(E»91C1) SAFENOsHITNOs ANRMISY IVESC

WRITE(696666)

WRITE({E+9103) SIGTOT

FORMAT(1HOs *STANDARD DEVIATION FOR ND. OF RECONTAMINATION HITS IS*
193X9G9.5)

RPRI3=1.-EXP(-HITND)

VAVESC = SMVESC/ SUMFL

WRITE(L¢75C) VAVESS
FCRMAT(1HC o 1Xy *THE AVERACE ESCAPE VELCCITY IS®s2Xe1PCO,.Uy

12X *M/SECT)

32r
7865

CC 32C ¥=1elE

ANGOEGIK)=12,. #K

WRITE(Es76E5) (ANCGCEG(TI}oANGDIS (I¥s1z1918)

FORMAT( 1HCe *THE ANGULAR DISTIISUTION FOR THE ESCAPED VELOCITY VEC?

10R RELATIVE TC THE +7 DIRECTICN'+// 11X+ DECe"s4Xe*NCe ESCAPES®s//»
213{1XsCPFU.0r4Xe1iPGCL0W39/))

33¢

gec
801
ecz
810
811
812

WRITE(€+225) RPROB
FORMATUZHC 14 11X e/ ) 91X+ *RECONT AMIRATION PROBASILITY I5%612.5)
* * »

SToP

WRITE(E,EC1)

FORMATUIX9*THE MASS VALUE GMASS IS INCORRSCT*)
ST0P

WRITEtEs811)

FORMAT(1Xs *THE VELOCTITY VECT (R IS INCORRECT'}
STOP

END

ORIGINAL PAGE IB
OF POOR QU
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FUNCTION RANDND

FUNCTICN RANDNO(BTMLIMyUPRLIV)

ssss NASA JPL sees  3/12/74 eses D,EDGARSe BIONETICS svse
ek

RETURNS A RANDOM NUMI3ER UNIFORMLY SELECTED FROM THE INTERVAL
(BYTMLIM»UPRLIM)e DUMMY IS A SUFERFLUOUS VARIABLE

LR R 2 ]

RZUNIFRM(CUMMY)

RANDNO=BTMLIM ¢{1.-R)+UPRLIMeR

RETURN

END

OO0
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SUBROUTINE RELEAS

SUBROUTINE RELEAS

2)PKACC - THE PEAK ACCEL. @ A JISTANCE RS FROM IMPACTY
J)VAP - THE SURFACE VELNC. @ ACCEL. PEAK.
4)KO - THE RS» PKACCs AKL VAP ARFAY DIMENSION.

QUTPUT PARAMETERSS |
1)DDIA - THE ARRAY CF EJECTA DIAMETERS ¢1C-1CC MICRONS).
2IK1 - THE ARRAY DIMENSION CF DDIA.
33 CPR (K1) ARE THE  CLEARING RADII.

OO0 O000

sseses ssse s sssses
DIMENSIOR VAP(3S5)
DIMENSION P(35)oA(3‘)vRF(35v10)oAK(1Co!5)vPVEL(3501C)
c COMMON BLOKDO1 CONNECTYS DATAINs MAIN AND RELEAS.
CCMMON /BLOKC1/ AKMsORHCoK1+FRBVEL (35¢2C)sCR(1C)eSIGsDDIACIC)
19 ANPART ¢ ANNORMsPRBOIA(LIC)
c COMMON BLOKOS CONNECTS CATAINe MAIN, RELEAS ANC YANG1 .
COMMON /3LOK0OS/ KOsPMASSsPRHO sRSU3I5) ¢ FYAP(35) oFPKACC(3I5)eRHO
EQUIVALENCE(PRBVEL{1+1)+PVEL(1+13)¢(RSC1)sR(1))
EQUIVALENCE (FVAP(1)+VAP (1)) (FPKACC(1) ¢Al1))+(INAXIeKO)

NUMBER OF CASES (M) MUST BE .LE. NM

[z X2 X o)

DEFINE DIS{DI=1./(D*D)
ANNORM= 0.0

IMAXII=IMAXI-1

PI=3.14159
C1={PI*»DRHO*9800++01.,E-12)/6.
SIRT2=SART (2,)

CALCULATION OF PERCENT REMOVED

OO

pC 1 II=1.10
DOIACIINI=IIe1C
0D= DDIA(III‘DDIA(IIIOCI
D0 2 TJz1.IMAXI
Y=DOsA(IJ} »
AX{II«IJ)= ALOG1O(Y}
XZABS(AKM-AK(IIsIJ)}/(SGRT29SIG)
IFCAKIIIeIS) oL Teo AKM) GO TO 3
RF(IJeII) =05t1.+ERF(X}}e1(C.
G0 TO 2

3 RFEIJeIX) = D.S‘ERFC(X)OIOO.

2 CONTINUE

1 CONTINUE

CALCULATION OF CLEARING RADIUS»CR{N.) AND RELEASE VFIocIvy
PROBABILITYe PIV .GTe. VO)

"Moo

D6 5 IIZ1,10

CRIIIIZR(1)s92,

PVELU1+IT)=CR(II)

D0 6 IJ=1,IMAXII

CRUIII=CRUIII+RFIIJeITI¢R(IJ) o(R(IJ+1)-RIIJII/ST.
€ PVEL(IJ+1,IT)=CRIIT)

CRUIII=SQRTICR(II))

DO 8 K=1,IMAXI
8 PVELIK,II)=PVEL (KeII)/(CR(II}*CRIID)

- JPL Technical Memorandufn 33-737

sess  NASA JPL ssss  9/12/74 swes GC,EDCARSs BIONETICS sase
THIS SUBROUTINE IS THE AODAPTION OF THE PARTICLE RELEASE 3TUDY SOFTWARE
CEVELOPED AT JPL BY C. BAUERLE AND J. B. BARENGCLTZ 1373),

THE OUTPUT IS IN THE FORM OF TWO THRFF-DIMENS IONAL ARRAYS OF DATA
CORRESPONDINCG TO THE METE HOTS mESuL INPUT PARRMETERS.

L ¢ & 8

INPUT PARAMETERSS _IFCR SURFACE BEHAVIOR AFTER METERCIC IMPACT)
1)RS - AN ARRAY OF RADIAL DISTANCES FOR THE VELOC. AND ACCEL.

4)PRBVEL . THE ARRAY OF EJCCTION PROSASILITIES.VS.(VAPsODIA) VALUES.

103




SUBROUTINE RELEAS

£ CONTINUE
2N 1635C I=1.13
CREDIA(INI-PIsCRIIICR(II*stCIC(OOTIALII-C.)-0IS(DDIA(I)+5.})
1+#ANPART/DIS(S.)
ANNCRMZANNORM+PRSCIA(T)
10Cr CONTINUE
20 2CCC I=1.1C
2000 PRBDIACIIZPREDIA(I)/ANNIRM
PETURN

IND

-
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SUBROUTINE RNDPOS

SUBROUTINE RNOPOS

sess  NASA JPL ssss  3/12/74 ssss D,ECGARSs BIONETICS sess

THIS ROUTINE PRODUCES A RANDIM POSITION ON THE SPACECRAFT AS DEFINED.

XoYeZ ARE THE POSITICN COCRDINATES.

I3 IS INDEX IDENTIFING SECTCR OF IMPACT (1 OR 2)

NP IS 1 FOR TOP PANELS ANC -1 FOR THE UNDERSIDE OF THE SOLAR PANEL

s s & I

COMMON 'BLOKC2 CONNECYS CHKHIYs MAIN: RNCPOS AND SHADE.

COMMON /BLOKC2/ AL(4)

COMMON BLOKOZ CONNECTS ESURFs MAIN AND RNCPOS.

COMMON /BLOKO3/ ASPeATP oATSePRIVATOTABP+ABCS oAITY

COMMON BLCK11 IN CONTAMEFIELDsMAIN'RNCPOS+SPHITeTRAJECeVNORML .

COMMON /BLOK11l/ POSVEC(3)

c COMMON BLOK16 CONNECTS CONTAMyMAINWRNCPOS+SHACE AND VNORML.
COMMON /38LOK16/ NPNL

c COMMON BLOK18 IN DATAINIEFIELC+ESURFIMAINYRNCPOSeSCPLO Te SHADE.
COMMON /BLOK18/ SP1eSP2+SP3eSPU

c CCMMON BLOK1S CONNECTS CATAINe EFIELCs ESURFIMAINs RNDPOS AND SCPLOT.
CCMMON /BLOK19/ SPO1lsSPC2eSPI3

o CCMMON BLOK2C JIN CHKHITs EFIEZLDs MAINs» RNDPOSe SHADE AND VNORML.
CCMMON /3LOK2C/ TANTHI +TANTH2 o TANTHI,y TANTHY

c COMMON BLOK21 IN CHXKHITsCONTAMsEFIELCYMAIN+sRNCPCS+SHADE s SPHITe SCPL
COMMON /BLOK21/ Z19¢22923e24+25
EAUIVALENCE (INPNLNPI S (ISECTRIS)
EQUIVALENCE(POSVEC(1) oX) s (POSVEC(2),Y) o (POSVEC(3)e2)
PR=RANDNO(C.C»1,}
WRITELG+101)IFR

101 FORMAT(IHC» PR =*9G9.4)

OO0

o

(2]

NP=0
IF(PR.GE.PRI) GO TO 1C G(DETERMINE SECTOR FOR EVENT)
GO TO 6°C

10 CONT INUE ¢ IN SUN CR UNCER PANEL (WEIGHTED BY THE EXPOSED SURFACE)
IF(PRLESIPRICATP/ATOT)) 50 70 20
IF(PR.LELIPRIS(ATP+ATS)/ATCT )? €C 10 3C

IF(PR.LEIPRIC{ATP*ATS+ASP/4,)/ATOT)) GO TO 40
JF(PRoLESL(PRI+(ATP+ATS+ASF/2.)/ATCTY} GG TO &5
IF{PRLECIPRIC(ATP+ATS+3.#ASP /4,1 /ATOT)) G0 TO 50
IF(PRLELIFRI+ (ATP+ATS+ASP)/ AT OT )} €Co TO S°%
GO TO TC

20 X=RANCNCIN,¢SPC1)
AYZSQRT(SPD1+SPO1-XsX)
Y=RANDNO(C o AY )
2=25
NEZ1
GO YO T°C

IC ETAZRANCNO (2 .91.57)
RAD=RANDNO(SPDO1+SP2)
X=RAD* COCSIETA)
Y=RADeSIN(ETA)
2= SGRTUIX#X+Ys Y)sTANTHS + AL(2)
G9 TO 70

4C X=RANDNC(SP2,SP3)
YZRANDNO(O.sSP1Y
=724
NPz 1
¢C T0 7T

45 XZRANDNCZ(C.+SP1) @ A3BOVE SOLAR PANEL (2)
YZRANCNC(SPZ5P2)
=74
NP 1
G TO0 0%

EC X=PANDNO(SP2+SP3)
YZRANDNO({C.+SP1)
2274

TCP FLAY SECTION

[ 2]

SECTOR 1 CONE AREA

[ )

1=2]

AEOVE SOLAR PANEL (1}

UNDER SOLAR PANEL (1)

[}

ORIGINAL PAGE 1S
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106

€5

(3¢

TC

NPz-1
Go 7C 7¢C
X=RANDONO(DevSP1)

SUBROUTINE RNDPOS

@ UNDER SOLAR PANEL (2}

YZRANDNO(SP2+5P3)

=74
NP=-1
GO TC 7C

ETAZRANDNO (Ces 1.

QAD=RANDNO(SPC2,
X=RAD*COS(ETA)
Y=RAD&SIN(ETA)
2= SGRT(XeX+YsY)
RETURN a
END

571 @ SECTOR 2 CONE SURFACE
SP4)

sTANTHZ +AL(2)
P0SITION ESTABLISHED
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SUBROUTINE SCPLOT

SUBRCUTINL <CPLOT(IGCCN)

c esss  NASA JPL essx  3/12/74 sses D.EDGARSe BIONETICS esse
OIMENSICN X(18)y YI(16)
c COMMON 3LGCK13 IN DATAINCEFIE_CeESUR Ty MAINIRNCPOS»SCPLOT¢SHADEe AND CONTAM

CCMMON /BLOK18/ SP1ysSP29SPIZeSFPy

COMMON BLOK13 CONNECYS CATAINe EFICLCe “SURFeMATINe RNDPOS AND SCPLOT.
CCMMON /BLOK19/ SPG1+SPC2sSPL2

COMMON BLOK21 IN CHUHITeCONTAMIEFTELCoMATINIRANDPOSISHADE ySPHITSCPL
COMMON /BLOKZ21/ 219229239244+ 25

* [ ]

THIS SUBRCUTINE PLOTS (CN 8B.EX11 FAPER) THE MOLEL AS PER THE IN°OyT
DATA TO INDICATES THE GEOMETRIC COMPATABILITY. THE ARGUMENT IGOON
TELLS THE REMAINING FRCCRAM TO EITHER CONTINUE (1) OR ABORT(-1)
SECAUSE OF UNUSABLE TATA,

L J L ] [ ]

ARRAY CONSTRUCTION?®

* ] [ ]

AZAINT(Z1) -le

Xt1)= SFy4

X{2)z C.

X(3)= 0.

Xt4)= SPO2

X(S)= SP4

X{86)= SPL3

Xt7)¥= C.

X(8)= C.

X(9)= SP1

Xt10)= Sp2

Xt11)= SPZ

X{123¥= SPC1

X(12)= C.

X{14)= Co

X(151:=C.

X(16)=1.

Ye13= Z22

Y(2)1= 22

Y3y 23

Yeu)y= 23

Y{(5)z 22

Yteyz 21

Y(73)=z 21

Y{8)= 24

Y{9)= 24

Y(10)= Z4

Yt11):=- 24

Y{i12y=z 7S

Y€13):= 25

Yi14)= 24

Yt15)=a

Y{169=1.

DETERMINE PARAMETER USABILITY

o

o

OO0OOD0O00O0

IF(SP4.LE.SPC2) GO YO 1030 @ PARAMETERS INCONSISTENY
IF(SP4.LE.SPOZ) GC TO 1CCO 8 PARAMETERS INCONSISTENT
IF(SP3.LE.5P2) GC YO 1800 @ PARAMETERS INCONSISTENT
IF(SP2.LE.SPC1) 60 TC 1CGC @ PARAMETERS INCONSISYENT
IF{SP2.LE.SP1) GO TO 1000 @ PARAMETERS INCONSISTENY
IF(ZE.LEZ4) GO YC 10COD Q@ FARAMETERS INCONSISTENT
IT1Z24.0C.23) GO TC 130C 8 PARAMETEZRS INCONSISTENT
IFIZ23.LE72) €C 7C 1€CO 2 FPARAMETERS INCONSISTENT
IF(Z2.LE.21) GO 7T 1cece 38 PARAMETERS INCONSISTENT
CC TC 1i¢

100T WRITE (6+1001)

1CC1 FORMAT(1Xs*INPUT SPACECRAFT FARAMETERS INCCONSISTENT s%y //95Xe*RUN--
1ABORTED®)
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SUBROUTINE SCPLOT

ICGOCN=-1
CS T0 110
1€ CCNTINUE
[od * * [
c PROCUCE FLCT OF SPACECRAFT
ol * s *

2C CALL PLOTS
30 CALL PLOT(1eCe24Ge-3) 2 ESTA3SLISH ORIGIN,
SC CALL AXIS(CaesDorlSHZ AXIS (METERS)91597.,99C.r Avl,) a Z AXIS DRAWING.
40 CALL AXIS({Oe90evl7HXeY AXES (MZTERS) ¢~1796e20es0evla) @ Xo¥Y AXES DRAWING.
CALL LINE(XsY918919291) @ FLOTS THE CRAFYT OQUTLINE.
8C CALL SYMBOL(2¢95.6921¢21HCONE SPACECRAFT MODELeO4021) a TITL
9C CALL SYMBOL (Z.¢5.29,14925H** (INITIAL GEOMs CHECK)essCe925) 3 TITLE
CALL PLOT(12.0¢7.0+999)
1CC IGOON=+1
11C RETURN
END
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SUBROUTINE SHADE

SUSROUTINE SHADL
ssss  NASA LCFL sess S/12/7% sses D,TDCARSe EIONETICS ssse
sse e
THIS PCUTINE DETERMINES WHETHER THE FARTICLE IS CXPOSEC YT THE SUN
0 IS SHACTED BY A PORTICN CF THZ SPACECRAFT. WE USE (VIA COMMON
ELOCK) THE FIXED CONSTANTS AEOUT THE SPACECRAFY GEOMETRY CBTAINED
CJRINC INFUT,
DEFINITIONS?
(L) XeYeZ) I7 THE NEW PARTICLE POSITICN VECTOR.
(2Y ISZ I35 INPUT TC INCICATE SECTOR CF SFPACECRAFT MCDELA

tA) 1= PARTICLEZ IMN UP?ER SECTOR.

(B} 2= FARYICLE IN MILCCLE SECTCR,

(C) 3= PARTICLZ TIN LOWER SECTOR.
€2) IP INDICATES: (OUTFUT)

(A) 1= PARTICLZ IS UNCER A SOLAR PANEL.

(B) C= PAPTICLE IS NOT UNFCER A SCLAR PANEL.
(4) ISH IMDICATES: (QUTPUTY

(A) 1= FARTICLE IS SHACEC CUTSIDE WAKE.

€3) C= PARTICLZ IS NOT SHADED.

(C)-1= FARPTICLE IS SHADEC INSIDE WAKE.

OO0 0000

[ B ¥ ]
REAL NEWFCS
COMMON SLOKO02 CONNECTS CHKHITes MAIN, RNDPOS AND SHADE.
CCMMCN /BLGKL2/ AL(W4)
COMMON 3LOKC3 IN CHKHIToCONTAMeMAINYSHADE +SPHIT+TRAJEC AND TRANSLe.
COMMCN /BLGKC3/ NEWPCS (2}
c COMMON SLOK14 CONNECTS CONTAM, EFIELDs MAINe SHADE AND TRAJEC.
COMMON /BLCK14/ IFPANEL ¢ISHACE
c COMMON BLCK1E IN CHKHIToCONTAMyEFIELDeMAINeRNDPOS¢SHADE +VNORML.
COMMON /BLCK1S5/ ISECTR
c COMMON 3LOK1% CCNNECTS CONTAMeMAIN,RNDPOS»SHADE AND VNORML.
COMMON /BLOK16/ NPNL
c COMMON 3LOK18 IN DATAINCEFIEL_DIESURFeMATNeRNIOPOS +SCPLOT»SHADE .
COMMCN /BLCK18/ SP19SFP29SP2eSPa
c COMMON 3LOK20 IN CHKHITe EFIZLOe MAINe RNDPQOS+ SHADE AND VNORML.
COMMON /BLOKZ20/ TANTHI»TANTHZs TANTHINT ANTHY
c COMMON BLOK21 IN CHKHIT+CONTAMIEFIELDeMAINsRNDPOSeSHADEoSPHITeSCPL
COMMON /BLOK21/ Z1922+23928+25
c COMMON BLCK23 CONNECTS EFTIELDe MAIN AND SHADE.
CCMMON /BLOK23/ XYWAKE+ZWAKE o JPCT
EQUIVALENCE (NEWPOS(1)eX) o {NCUPOSI2) ¢+ Y) o {INEWPOS(3)e2)
EQUIVALENCE (ISECTROISEIe(ISEADE«ISHY e (IPANELIP)
C DETERMINE ISECYR
ISE=1
IF(Z.GT.28) GO YO SO
IF(Z.EG.28 .AND,NPNL.GE.C) GC TO 50
IF(2,6GE.Z2) GO YO 10
IFtZ.GE.C.) CO TO 11
ISE=y
60 TO SO
1C ISE=2
GC 10 sC
11 ISE=3
SC GO TO(1CC+20Ce 300¢3C0) 9 ISE
L E R ¥
DETERMINE WHETHER PARTICLE IS ABOVE A SOLAR PANEL

C s e

106C IFUCYe Ol eSP2 eAND Y ol feSF3) oA Nl alXeGElelol LA
IND.XeLE.SP1)) GO TO 118

Ir((Y.CE-C .COAND.Y.LE.SF’I, .A'\D.(X.GE.SFZ-A
INDeXoLELSPI))Y GC TO 11C

(o]

O

a0

(o [ XX F]

c MOT ABOVE/BZ.CW A SCLAR PANEL. ‘s

c TIE) ?P‘;E
ORIGINAL QuALIT?
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SUBROUTINE SHADE

115 IP=0
106 ISH=C @ PAPTICLE IS UNSHACED.
RETURN
LR R R
IS ABOVE/3ELOW A SOLAR PANEL,
LR X ¥
11Cc IpP=1
IF(ISE-2) 10E¢25Ce26C
LR B % J
PARTICLE IS IN THE MIDDLE SECTOR.
(AN 2]
20C <SPT=SP2
LA R X ]
DETERMINE IF PARTICLE IS SHACEC IN EITHER SECTOR 2 OR 3.
*E8E
2C8 TFUU(XeGE.SPT AND X eLEeSP3) ANCo(Y.GE,D.C.AND®
1Y,LE,SP1)) GO To 110
IFUUXeGEoC eCoAND X oLEeSP1Y o AR o (YoGELSPTAA
IND.Y,LEL.SP3)) GC TO 110
Ir=C
GO0 T0 260

L X 2 X J

PARTICLE NOT SHADED
s

25C ISH:=1

255 RETURN
* & @
CHECK CIRCULAR CONSTANT
* ® &

260 C=XeX+YsY
S=SPTeSPT
IF(C.6T.S.AND.IP.NE.1) GO TC 106 & NOT SHACED
IF1ISE.EQ.2) GO TO 250
ZW=SGRTICY ST ANTHY +AL W)
IFL2.LT.2W) GO TO 2%0
ISH=-1 3 SHACED INSICE OF THE WAKE.
GO To 255
sRgR
PARTICLE IN SECTOR THREE.
L XL R ]

300 SPT=SP4
G0 TO 205
END

OO0 [s N3 Xel

OO0

o000

OO0

OO0
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SUBROUTINE SPHIT

SUBROUTINE SPHIT

C s
Cc THIS ROUTINE DETERMINES WHEYHEY THE PARTICLE HAS HIT A SOLAR PANEL.
C DEFINITICNS: BICNETICS#sLEE*23/13/74¢n
< {1) 2 IS THE NEW PARTICLE POSITION 2 COMPONENT.
C (2) ¥Z IS THE NEW FARTICLE VELCCITY Z CCMPONENT.
c (3) 24 IS A SPACECRAFT DIMENSION FROM INPUT PREPROCESSOR.
c N IS THE INDEX DENOTING:
c (i) C - DID NOT HIT PANEL.
[ (e} 1 - CIC CONTACT PANEL.
ol TR X
REAL NEWPCSeNEWVEL
c COMMCN BLOXKO4% CONNECTS CONTAMe MAINse PARPOTe SPHIT AND TRAJEC.
COMMON /BLOKC4/ COEFPPsCONST A FRTCHCOPHIC
c COHHpN BLOKO9 IN CHKHIT.»CONTAMs MAINeSHADESPHIT«TRAJEC AND TRANSL.
CCMMON /BLGKD3/ NEWPCS(3)
c COMMON BLOK1C CONNECTS CONTAMeMAIN:SPHIT+TRAJEC AND TRANSLe
COMMON /BLOK1D/ NEWVEL (3} CELTAT
c COMMON BLOK11 IN CONTAMEFIELCe MAINy RNDPOS ySPHIT +TRAJEC.YNORML.
COMMON /BLOK11/ POSVEC(2)
C COMMON 3LOK13 CONNECTS CHKHIT. CQNTAH, MAIN ANC SPHIT.
CCMMON /7BLCK1Z/ IHIT(2)
C COMMON BLOK21 IN CHYHITsCONTAMeEFIELD¢MAINs INDPOS ¢+SHADE +»SPHITeSCPL
COMMON /BLOK?21/ Z19Z22¢23e2492F
EQUIVALENCE (NTWPOS(3)eZ) o INCWVELI(3) oVZY o (IHITI(1)eIH1)
EQUIVALENCE (POSVEC(2),20)
01=Z-14%
ADZ=ABS(DZ)
AVZ=ABS(VZ)
c
c WITHIN RANGE AND CLOSING.
c IF(DZ/VZ JLEeCoCoANDADZ/AVZ o LE «DELTAT) 60 Te 300
c SOLAR PANEL PENETRATICN.
IF(Z.EQ.24) GO TO 300
IFLLZ20-28)/(24-2).,GT.C) 60 TO 30C
c
2SC IH1:=C
RETURN
30C IH1=1
REZTURN
END
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SUBROUTINE THINPL

SUBRCUTINEG THINPL
e

c « NASA J°L LA LA 9/12/74 ssxe D,EDGARSe BIONETICS ssas
o THKI? QOUTINE IS A MCCZIFIED VERSICN CF THE METECROID IMPACT STUDY
C SOFTWAREC FREPARED IN ITS LATZIST VERSION PRIOR TO THIS MOOIFICATION.
C IN DECEMEIR, 1€73 3Y C. SAUERLE ANC Jo 2. BARCNGOLYZ AFTER THE ANALYSIS
Cc NF THE ©HYSICA. PRO3LIM 3Y J. YANG.
C » % [ [ ® [ ]
c
c DECK FQOR FIRPST PRESSURE FUNCTION
o
PARAMETER MAXPTSZSCC
REAL INU
2EAL TIMAXPTS) o WL OTIMAXFTS ) oW1 (MAXPTS )eW2(MAXPTSY)
c COMMON 3LOYX ST CONNCZLSTS THINPL AND YAMG1.

COMFON /PLCFCT/ TOsVAPSFKACCIEE+EH O ANUYEPCYRYESPERHKHC
CAUIVALENCET (EEeI) o (EHoH) v (EPCs PO e (ET9S) o (ERHCs RHO)
E3UIVALENCE (ANUNU I

~
C COMPUTES FIXED EXPRECTICNS F(R LATER USE
c
NCELT:zECC 2 MUST BE CIVISAELE BY 1%.
ND24=NDZLT-24
NO2S5=NDELT-2E
NOTININDELT/1G
AND28:=NCELT-28
AND3IZNDZILT-3
ANCICI=NDTEN=-1
PT = 3.14159
ABAR = FC s S
D=CeHee3/112.0s(1,0-NUss2)}))
B-(D/(RHO=*H) )9s0,5
T=PI+S*ABAR
FP=S/7(4,0=B8) »S
Q-R/(4,0%8) s R
o
Cc COMPUTE AND STORE WDDT ARRAY
c
Z=ABAR/S*EXP(-R8s$2/5¢s2)
WIDTH = TO /4.
TEMP - Q/(WIDTH » PI)
IF (TEMP ,6T7. 2.) GO TG 20C
N=2
TMIN=Q/(4 ,*P1I}
G0 TO0 230
2CC Ir (TEMP L,GT, 48, 60 10 210
NZ3
6C TO 22C

21¢C N = SGRT ( (TEYP/12.1+ 12.)
22C TMIN = Q/(2 = N o PI)
IF (THIN .GT. SQRTI{Pe*Q3) GO TO 230
N = SQRT(P#3) /7 (2.* PI) + 1
TMIN = Q@ 7/ (2. » N = PI)
23C T(1) = C.C
WDOT(1) = 0.C
TA = G/tt2sN + 6) o PI)
IF (N «GT. 3} GO0 TO 240
TVAX=2.3/F2
CT = (2.%9/P7 - TA)/AMDZ3
€c TO zZfC
2uC TMAX = Q/1(2sN - T7) » PI)
O7 = (TMAX - TA) / ANDC3
250 T(2) = TA - OT7
WCOT(2) = CoC
DY 2C J=3s ND25
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SUBROUTINE THINPL

PYI2-FesZe4 s

TLHH=TA
WAZAZAR/(PHCOHeC)eCoa/FT2
W3ZEXP(-PeQ/OT2)
WC=CCS(A*TA/FT2)
WOSSIN(QesTA/R T
WOCT(JIZWASKES (WC+TA/FeW3)
TA = TA & OV

CONT INUE

TF (N «GT. 0O} G0 T¢ 26C
CT = (TIMAX =~ 2,9Q3/P1) s 25,
TA = TI(ND2S)+CT

OC 25 J:=NC24WNDELT
PT2=0¢s2¢TASe?2

TEJI=TA
WAZABAR/{RHO»HsS)sPss2/PT2
W3ZEXPL-Pe3/PT2)
WOSSIN(3+TA/PT2)
WCZCOSUI*sTA/FPT2)Y
WOOTI(JI=WASUBs (WC+TA/PsWD)
TA = TA &+ DT

CONTINUE

COMPUTE W2 ARRAY

KEY=7

HMIN=1.CE-8

HMAX =1 .0

HSTARZ-HMIN

ERMAX=1.,CE~-4

CT = (TMAX - TMIN) / AND1Q1

TSAVE=T(2) d FOR VAP CALCLLATION BELONW.

TLO = T2}

THY = TMIN

D0 80 J=1le NOTEN

CALL ROMBS (YLO-THI-TT.FOFTTcHSTARoHMINvHHAX-ERHAXvANSOK»KEY)
FC:D.O

FC = =24 7 (70 » (1 + (THI-TT)/TC)es2}

TR=TT

CALL SLUP (TWeFCCoFPyToWDOTs NDELT»2)

FOFTT=FCsFCC

CALL ROM2

IF (KeE%«1) GO YO 60
W2CJ)=ANS*2 ,SCE-€
THI=THI«DT
CINTINUE

@ TO CONVERT TO KILOGEE FROM ENGLIAH.

COMPUTE WZMAX

WIMAXZC.C

DC 11T =Z1sN2TIN

IF (W2UJ) oLE. W2MAX) cC 70 11¢C
W2MAX = W7(D)

JACK=J

CONTINUE

TAIS CALCULATES 1 VALUE CF VA® AT TIME WHEN THE ACCELERATION IS
AT THE MAXIMUN VALUE.

TLOZTSAVE
AJTJUACK
THIZTMIN+®(AJ-1e)eDT
CALL ROM2S (TLOTHI+TTsFOFTToHSTAReHMIMy HMAX ¢ EIMAX s ANSe Ke KEY )
FS = 1. /7 ({1 ¢ (THI-TT)/TC)ee2)
A&}E}ls

AL
O BO0R AL
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SUBROUTINE THINPL

4c TW=TTY
CALL SLUP (TRsFSSeFPeToWDOToNDELTs2)
FOFTT=FSeF5S

CALL ROM2Z

VAPZANS*.0254 d CONVERT TO M/SEC
c
c CHECK SIGN OF VAP
c

IF(VAP.GE.C.) GO TO 525

€0 T0 12C
c
c CCMPUTE W1 ARRAY WHEN TRIAL IS POSITIVE..
c

€25 DT=(TMAX-TMIN) /AND1DO1
TLO = TSAVE
THI = TMIN
DC 55C J=1eMOTEN
CALL ROMBS (TLCoTHI+TToFOFTT +HSTARsFMINIHMAX sERMAX s ANSeK s+ KEY )
530 FS=0.0
FS = 1. 7 ({1 + (THI-TT1/TC}ss2)
540 TW=TY
CALL SLUP (TWeFSSeFP»TeNDOT e+ NDELTs2)
FOFTTZFS*FSS
CALL ROM2
IF (K.EQel) GO TO 530
W1(J)ZANS*.0258 3 CCNVERT VELOCITY TO M/SEC
THI=THI+OT
$5C CONTINUE
VAP=0.
W2MAX=C.
DO 60C J=1+NDTEN
IF(W1(J).GE<C.) GO TO 600
IF(W2(J) LE.W24AX) GO TO 600
W2MAXZW2(J)
VAP=W1(J)
60C CONTINUE
12C PKACC = W2MAX
RETURN
END
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SUBROUTINE TRAJEC

SUBROUTINE TRAJEC
*sss NASA (PL sess  S/12/74 w#ess D,EDCARSs BIONETICS s»ss

LA R RN J s8R L E 22X J

SUSROUTINE TRAJEC CALCULATEZS THE INCREMENT IN THE PARTICLE TRAJ-
ECTORY e THIS REGUIRES INFORMATION APCUT THE CURRENT PARTICLE

CHARGE AT THE LOCATION TO EZ MOVED FROMe THE SUN/SHADE CONDITIONe
THE CURRENT VELOCITY VECTCR ZND THE ELECTRIC FIELD FROM THE CHARGED
SPACECRAFY. CALLS TO SUBROUTINES EFIELD AND PARPCT PROVIDE THE
FIELD AND CHARCE INFCRMATICN. THIS SUBROGUTINE CALCULATES A SUITABLE
TIME INYERVAL SOR THE STANDARD KINEMATICAL EQUATIONS OF MOTION 8Y
PRECALCULATING A DELTA T FOR A VELCCITY DEPENDENTs FCRCE-FIELD
OEPENDENTY AND A CRASTIC ELECTPIC POTENTTAL CHANGE DOMINANT CASE AND
USES THE CMALLEST OF YHE THREE., EY YTHIS METHCD WE MAINTAIN A FAIRLY
UNIFORM FCUR CENTIMETER INCREMENT SIZE EXCEPT WHEN THE ELECTRIC
PCTENTIAL DIFFERENCE WOULD BE TOC LARCE OVER THE DISTANCE SPECIFIED

(4 CM) AND THUSy IN ESSENCEs WZ SMOCTH THE SUN/SHADE SOUNDRY
TIAVERSAL .

O0OOOOOO0O0O0000O0O00O00O000

stesn 'TXEY 'TIE L
SIMENSION RPCS(3)sRVELUI3) +DELTARII)I4CPOS{3)eDVELI3) »EL3)
CCMMON BLOKCH CONNECYS CONTAMs MAINs» FARPCTs SPHIT AND TRAJEC.
COMMON /BLCKCU4/ COCFRP +CONSTA+PRTCH3¢PHIG
CC¥MON BLCKNS IN CHXHIT»CONTAMyMAINISHACE+SPHITsTRAJEC AND TRANSL.
COMMON /738LCKO?/ NEWPZS(3)
CCMMON BLOK1C CONNECTS CONTAMs MAINeSPHIT»TRAJEC ANC TRANSL.
COMMON /BLOK10/ NEWVEL{3)e DELTAT
c COMMON ELOK1l IN CONTAMSEFIELODIMAIN'RNCPCS+SPHIT»TRAJECIVNORML.
COMMON /BLOX11l/ POSVEC(3) ’
c CCMMON BLCK1Z CONNECTS CONTAMe MAIN AND TRAJEC.
COMMON /BLOK12/ GMASS »VELVEC(3) »ILCST
c COMMON BLOK1G4 CONNECTS CONTAMy EFIELC» MAINe SHFADE AND TRAJEC.
COMMON /BLOK14/ IPANEL ¢ ISHADE
c COMMON BLCK2E& CONNECTS CONTAMs EFTELDs MAIN AND TRAJEC.
COMMON /BLOK2S/ EVEC(3)
c COMMON BLOK27 CONNECTS PARPOT AND TRAJUEC
COMMON /3BLOK27/ PHICNG
EQUIVALENCE (ISHADE»ISH)(EVECI1)9E(1))
EQUIVALENCE (RPOSI1),POSVECIL)) e {RVELI1) «VELVECI1))
EQUIVALENCE tDPOS (11 eNEWPOSC1) )y (DVELCITINENVELLL))
CALL EFIELD

(2]

(o]

(@]

(o]

CALCULATION OF YTHE POTENTIAL DEPENDENT TIME INTERVAL.

a0

CALL PARPOT
DELT 3=10.
IFCABS(PHICNG)eLE.Cex) GO TO 2
CELT 3=1./ABS (PHICNG?
2 TFRP=Q. @ IN SHADE
IFCISH.EQ.0) TFRP=COEFRP 8 IN SUN

VELOCITY DEPENDENT DELTA T.

(2 e X2l

CELT2 =CeC4/(SGRT(RVEL(2I)*RVEL(I2Y+RVELC2)*RVEL(2}SRVEL(I)*RVELIT))
l+1.E-6)

(2]

FORCE DEPENDENT DELTA T

[2]

DELT2:=SORT(0.08*GMASS/ (ABS{TFRP) ¢ABS (PRYCHG)sSQGRT(EC1)1=E(L1+
1E(2)2E62)+E(3)=E(3))+1.E-2C))

THE MINIMUM CELTA T OF THE THREE CHCICES

OO0
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SUBROUTINE TRAJEC

DELT =AMINI(DELT1.,0ELT2)

DELTAT=AMINIC(DELTDELT3)
CTSOTM-DELTATSDELTAT/(2.,2CGMASS)

K3=0

D0 15 K=1+3

IFIKLEQ. 3) K3-1

CELTAR(K)Y=DTSOTMs (TFPFe K3+ PRTCHG*E (K} I+RVELIK )}sDELTAT
CO 40 K=1.3

IFCCELTAR(K) .GT.C.C4) CO TO SC

CONTINUE

G0 T0 31

OCLTAT=DELTAY /2,

GO0 Y0 5§

DO 35 K13

OPCSC(K)I-RPOS(KI+DELTAR(K)
DVELIK)IZ2.¢DELTAR(K)I/DELTAT-RVEL{K)
DELTAG=CONSTAsPHICNG*DELTAT @ CHANCE IN PARTICLE CHARGE.
PHIO=PHIO+PHICNG*DELTAT a NEW PARTICLE POTENTIAL.
PRTCHG=PRTCHG+CELTAQG

RZTURN

END
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SUBROUTINE TRANSL

INE TPaNSL

ASA JPL ssss  9/12/74 sese T, ECCARSy BIONETICS sese
UTINE TRANSLATZS THZ PARYICLZ POTITION ANC VELOCITY 3ACK INTO

THE FIRST CCTANT BECAUSE CF TYMMETRY TO EASE TEE CALCULATIONS

(XeYo2)
(VXoVY)
. .
REAL NE
COMMON
CCMMCN
CIMMON
CIMMON
CIUIVAL
vy}
IF(XeLT
IFIXeLT
IF(X.GT
RETURN
Xp=Yy
YPz-X
vXPzvy
VYP==-VX

IS THE POSITION WHICH RZGUIRES TRANSLATTION - (NEW CCORDINATES)
=THE VELOCITY WHICH PEGUIRES TRANSLATION - (NEW VELOCITY)
[ ] L J L] *
WPCSy MEWVEL
BLCKATI IN CHKHIT,CONTAMyMATINISHADE ¢SPHIT#TRAJEC AND TRANSL.
/BLCHT?/ NEWNFCSI(D)
3L0A1C CONNZCYS CONTAMeMAIMGFHIT TRAJEC AND TRANSL.
7BLOK1IC/ MEWVEL(Z)s CILTAT
ENCE (XeNEWPOS (1)) o (Ye NEWPOSI{2)) o (NEWVELT1)eVX Ve (NEWVEL(2)e

eCeleANCaYelToCWC) D V2 1CC
el eCeANDeYelTeCul) GC TC 20C
eCeleANDeYoLT.Cl') 32 TO 3CC

& DPCES NOT ALTER FARAMETERS

GO TO &CC

X=X
Y=-Y
vX=-VvX
vY=-VvY
RETURN
XPz=-Y
YPZX
VXPz-vY
VYP= VX
X=Xp
Y=YP
VXzVXP
VY=VYP
RETURN
END
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SUBROUTINE VNORML

SUBROUTINT VNORML

c ssss NASA JPL LR R 2 3/12/74 =»ses D, ECCARSsy EIONETICS sen s

C * & ¥ * & 8

Cc THIS ROUTINE CALCULATES THE NORMAL UNIT VECTCR AT THE SURFACE IMPACT ZCNE

C THE VECTOR IS ALONG (Z-AXIS) FO® SOLAR PANEL CONSIDERATION.

c (XIT YHEN ADDS A 10 PERCENT BPIAS TO CNE OF THE VELOCITY COMPCNENTS.)

C NP=¢1 .o+ ABCVE PANEL? -1 ... 3TLOW FANEL.

[of * & 3
DIMINSION VEL () ¢ TANTU(Y)

C CCMMON BLOK11 IN CONTAMEFIE!DeMAINSRNCPCSsSPHIT+»TRAJECIVNCORML .
COMMON /BLOK11l/ POSVEC(3J)

c COMMON BLCK1E IN CHKHITeCONTAMeEFIELCoMAINsRNDPOS+SHADEYVNORML.
COMMON /BLOK1S5/ ISZCTR

C CCMMON  BLOK16 CONNECTS CONTAMsMAINSRNCPOS»SHADE AND VNORML.
COMMON /BLOK16/ NPNL

c COMMON BLOK1E IN DATAINSEFIELD+ESURFIMAINsRNCPCSsSCPLO Te SKEADE.
COMMON /3LOK187 SPleSP2+SP3eSPU

c CCMMON BLCK2C IN CHKHITs EFIELDe MAIN» RNDFOSe SHADE AND VNORML.
COMMON /BLOK20/ TANTHL+TANTH2+TANTHI+TANTHY

c COMMON BLOK21 IN CHKHIT+CONTAMyEFTELC»MAINSsRNDPOS ¢+SHADE» SPHI 7o SCPL
COMMON /BLOK21/ Z1922¢23¢241¢25

c COMMON BLCK22 CONNECTS MAIN AND VNOFRML.

COMMON /BLOK22/ VELNRM(3)
EQUIVALENCE (NPNL#NP) »(VELNREM(1)sVEL(1))
EQUIVALENCE {PCSVEC(1)eX)o(PISVECI(2) 4 Y)
ESUIVALENCE (POSVEC(Z)2Z)
TANT{1)=TANTHL
TANT(2)=TANTH2
TANT{3)=TANTH3
TANT(4) =TANTHY
XYDISTZSQARTIXeX+YsY)
IF(NPNL ,NE.DO) 6O TC 10C
IS=4-ISECTR
FX=-XsTANT (IS)/XYDIST.
FYZ-Y«TANT(IS ¥/ XYDIST
FZz+1.
DENOM=SQRTUFX eFX+FYsFY+FZeF2)
VEL(1)=FX/DENOM
VEL{2)=FY/DENOM
VEL(3)=FZ/DENOM
GO0 TO 300
icc vett1:zc.
VEL{2)=0.
RN=NP
VEL(3)1=RN @ ¢+ OR - Z DIRECTION AS PER NP
ICC CONTINUE
NO=RANONO(1.+3.93) 2 ADD TEN PERCENT TO ONE OF THE COMPONENTS.
GG TO(31C:320s330)sNO
310 VEL(1)=VEL(1)+.1
60 TO &4CO
320 VELUE2)ZVEL(2)+.1
G0 TO 400
33C VELU3IZVEL(3)e.9
4C0C RETURN
END
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SUBROUTINE YANG 1

SUBROQUTINE YANSG1 a THE SURFACE IMPACY ANALYSIS
c ssse NASA JPL *ses  9/12/74 sess D,EDGARS) BIONETICS ssse
c THIS ROUTINE IS A MOTIFIED VZIRSION OF THE METEOROID IMPACT STUDY
c SOFTWARE PREPARED IN ITS LATEST VERSICNo,PRIOR TO THIS MODIFICATION,
c IN CECEMBERe 1973 3Y C. BAUERLE AND J. 3, BARENGOLTZ AFTER THE ANALYSIS
c CF THE FHYSICAL PRCOBLEM BY J. YANG.
c . . . . . .
c IEEEEEREEEEREREN)
c
c CR«-BASIC DATA ARRAY FOR RACIX
c RR--RADIUS ARRAY F0® INITIAL POINTS
c FR--FINAL RALCIUS ARRAY
c RPKACC--INITIAL ARRAY FOR PEAK ACCELERATION AT VALUES IN RR
c FPKACC-~FINAL ARRAY FOR PEAK ACCELERATIONS FOR VALUES IN FR
c RVAP--ARRAY FOR VELOCITIES AT PTAK ACCELERATIONS AT RR RADIY
c FVAP--FINAL ARRAY FOR VELe AT PEAK ACCELERATIONS AT FR RADII
~
c s8880080000s
c
c
REAL NU
DIMENSION RR(14)s RPKACC(14)s RVAP(14)s DR(14)
DIMENSION FR(3S5), RMIDI2)s ANIDC2)e
2 VMID(2)
c COMMON 3LOKO5 CONNECTS DATAINs MAINs» RELEAS AND YANG1
COMMON /BLOKCS5/ KOsPMASSePRHCORS (35} eFVAPI3S )s FPKACC I35 )s RHO
C COMMON BLOKO6 CONNECTS DATAINe MAIN AND YANGle.
CCMMON /BLOKO6/ EosHsNUsPOeISKIP
c COMMON BLOKO7 CONNECTS THINPL AND YANG1.
COMMON /BLOKO7/ TOsVAP +FKACCPEE+EHeANUSYEPO'ReESPERHKHO
c COMMON BLOK17 CONNECYS CATAINe MAIN AND YANG1l.
COMMON /BLOK17/ PVEL+ACCMIN
EQUIVALENCEIFR(1),RS(1)) @ YANGL

EQUIVALENCE (KOsIMAXI)
DATA DR 7/ «0lv o02¢ «039 «Dle o060 o080 ol «2¢ olte o«Te 1lee
2 Oev0es0e 7 @ THE OLD CCDING HAD INTEGER ZERO*S.

1000 FORMAT(1HOe1Xe*THE PLATE WAS PUNCTUREDY)

ANUZ=NU
NDELT=S508
ISKIP=C
c
WRITE(E+847C) PMASSosPVEL+PRHO +EsHosNUSRHO PO _
%70 FORMAT(1HO+°THE FOLLOWING VALUES ARE RESPECTIVILY®s/91Xe*-PMASS--P
IVEL'-PRHO--E’-H’~NU--RHO--PD'ﬂ/leuB(lPGS.“OZXl)
0o 7 IZ1le 160 2
RRII) = DR({I}
7 CONTINUE
PI = 3,14158
c
o CALCULATE PR-PARTICLE RADIUSs TO» AND S
PR = CBRT( (3, ® PMASS) / (4. ® PI ® PRHO)} )
c .
c DETERMINE MWHETEHER CONDITIONS EXIST FOR PLATE PUNCTURE BY METEOROID.
c

P=CBRT(12.¢PMASS*PVEL*PVEL/(FIsPC))s .S

TF(P.LELH) GC YO 8
C PLATE PUNCTURED. i
TC=8e/3e¢PRe(PC/(2.¢PRHCI) 02 (1o/50cPVELSS (- U4/ T0)s(1lae
12.9RHO*H/PR*«CBRT{(FPVEL/2.)»s 4/ (PRHO*FC*PC) )}
WRITE(6¢1C00?
€C Y0 S
: PLATE NOT PUNCTURED.
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SUBROUTINE YANG 1

Z et PR & (1. 4 (Ba » PFD o
¢ 10.¢¢tA_OGLO(PC/(2,.,9PAMD)) /E,
INUE
(PR/2)
2

+ C3RT((2.

CCNTY
S = « UL =
J =

ACCMI

VARIAELES CHANGEGD
CEZEel L 45E-4
EH=Hs23,127
ERHO=-RHKHC*2,3%6C-8
EPOz=PNel45E-4
£S€-Ce22,37

VALUES FOR%
CALCULATEC FOR INITIA{ VALUES OF RADII.
BE USEC.,

FVEL » PVEL
(4e/3.0e¢ ALOGLT(PVEL)

Y /7 PC)
¥/3.

PYVEL & PVEL)Y /7 PC)

I¢ THE MINIMUM ACCELIFRATICN CF INTEREST

FOCM MITRIC TO ENCLISK SYSTEM

PEAX ACCELERATION AND VELOCITY AT PEAK ACCELERATION ARE

AT LEAST 2 RADITI MUST

AFTER THAT IF THE LARGEST VALUE FOR A PEAK ACCELERATION

HAS BEEN PASSED AND THE PEAK ACCELERATION JS LESS THAN ACCMINy

CALCUALTIONS STOP.

RPKACCLY)
RVAP(J) VAF

IF {J «LT. 2) G0 TO 10

If (RPKACC(J-1) LY. PKACC!}
IF (PKACC «GT. ACCMIN)
JJdd J

S0 T0 15

CONTINUE

JJJ J

CCNTINUE

CONTINUE

ACCMAX
KKK

= PKACC

GO TO0 1C

JJddJ

RPKACC(JJJ)

SEARCH FOR THE MAXIMUM VALUE OF PEAK ACCELERATION IF

IF I7
ONLY THE ONES NEEDED ARE USED.
ARE CALCULATED. N

Do 2C Jz 29 JJJ
I JJJ ¢+ 1 - J
IF (RPKACC(I)
ACCMAX
KKK
CCNT
KKK
2TIST =
3 3C

«LTes ACCMAX)
RPKACC(I)

GO TO 25

[ R

NUg
<

(R2(1) -~
I 1. 3
Rz RRLL) - DITTY

R =T R e 3¢.,37
CALL THINPL

R R /7 39,37
JJJ JJJ ¢+ 1

Do 2% J JIJde
RREJ) = RR(Y-1)
PPKACCLJ) = RPKACC(J-1)
RVAP(J) = RVAP(J-1})

S*1.1)/2.

-

2y -1

60 T¢ 1C

AVAILASBLE.

IS NOTe THREE MORE VALUES OF RADII ARE CHOSEN TO FIND IT.
WHEN MAXIMUM IS FOUND NO MORE
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SUBROUTINE YANG 1

CONTINUE

RRI1) =, 2

RPKACC (1) =PKACC

RVAP(1) = VAP .

IF  (RPKACC(1) .LT. ACCMAX) € T( ?¢
ACCMAX = PKACC

CONTINLUE

IF THE MAXIMUM PEAK ACCELEFRATION IS NCT FOUND THE FINAL ARRAYS
FORMELC ARE PRINTED ANC CALCULATIONS CEASE FOR THIS CASE.

IMAXIZJJIJ

o 32 I21e JJJe 1
FR{II=R®(I)
FPKACC(IY=RPV¥ACCI(I)
FVAP(II=RVAPIT)
CONTINUE

Ge Y0 79

CONTINLE

CONTINUE

tiL = C

A FIBCNACCI TCARCH IS OCNE T(C FIND THE MAXIMUM PEAK ACCELERATION.
THE TWO VALUES BRACKETING THZ MAXIMUM PREVIOUSLY FOUND ARE USED AS
THE STARTING END POINTS, RUFPER--LARCEST VALUE OF Re AUPPER AND
VUPPER CONTAIN THEZ CCRRESPONDINC PEAK ACCELERATION AND VELOCITY.
RLOWER--LCMWER VALUE CF R, RMID(1)}--LESSER CENETER VALUE COF R.
IMIDL2)--THE GREATER CENTER VALUE OF R.

WHEN A VALUE OF RUPPER IS CISCARDED FROM THE SEARCH IT IS KEPY

IN THE FR ARRAY AS PART OF THE FINAL RESULTS.

RUPPER = RR{IKKX+1l)
AUPPER-RPKACC(KKK+1)
VUPPER = RVAP (KKK e1)
RLOWER = RR(XKK-1})
RDIFF = RUPPER - RLOWER
R = RLOWER + ,281967 e RDIFF
R = R o 39,37

CALL THINFL

R = R 7 39.37

RMID(1) = R

AMIDU1) = PKACC

VMID(1) = VAF

ITI =1

L =2

R = RUPPEP - ,131967 e DIFF
CCNTINUE

ITI = III + 1

IF (ITY .5T. 11} G2 70 EC

R = R e 39,37

CALL THINPL

R = R/ 33.37

RFIDILL) R

AMIDILL) PKACC

vVMID(LL) vV AP

IF (AMID(1) .GT. AMID(2)) 5C T0 s©
RLOWER RMID(1}

ROIFF1 RUPPER - RMID(2)

RDIFF2 = RMID(2y - PLCWER

IF (RDIFF1 <GT. RDIFFI 50 TO 45
Q@ = RLCWER + RCIFF1

L =1 B
GS
oty s auzot2) ogﬁxgg& gé}gxﬁ
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SUBROUTINE YANG 1

AMID(13 = AMID(2)
VMIDt1) = VMID(2)
R = RUFPER - ROIFF2
L = 2
GO0 T0 40
50 LLL = LLL « 1

iF fLiL g9, 11} GO TO 54
O0C 52 I= LLLe 2y -1
FREI) = FR(I-1)
FPKACCt{IY = FPKACC(I-1)
FVAP(I) = FVAP(I-1}

52 CONTINUE

54 FR{1) = RUPPER
FPKACC(1) = AUPPER
FVAP({1} = VUFPER

QUPPER = RMID(2)
AUPPER = AMI[(2)
VUPPER = VMID{2)
RDIFF1 = RMIC(1} - RLCWER
ROIFF2 = RUPFER - RMID(1)

IF (RDIFF1 .GT. RDIFF2) €0 TO 5¢
R = RUPPER - RDIFF1
Lt = 2
GO T0 40
€S RMID(2) = RMID(1)
AMID(2) = AMID(1)
VMID(2) = VMID (1)
R = RLOWE®R ¢ RDIFF2
te =1
GO T0 40
N IF (LLL .EQ. 0O} GC TO 67
D3 85 Iz e LLLe 1
J = I+ 10
FRUJ) = FRLI)
FPKACCtJ) = FPKACC(I)
FVAP(J) = FVAP(I)
&5 CONTINUE
&7 RDIFF = (RUPPER - S)is,1l

THE FINAL ARRAY INCLUDES TEN SQUALLY SPACES VALUES FOR RADIUS
EETWEEN THE MAXIMUM FEAK ACCELERATICN AND THE CRATER WALL.

O000

pe  1C IZ 1 1Cs 1

FRUI) = FPL11) - (11 - I) e DIFF
FPKACC(Y) = FPKACC(11l) e FRU11) / FR(I)
FYAP{I) = FVAP(11l) + FR(11) /7 FP(I}
CCNTINUE

0

VALUES FROM THE INITIAL ARRAYS ARE ACCEC TC THE FINAL ARRAYS.

OO0

L = KKK + 1
co 7% Iz Lie JJJr 1
J = 9+ LLL + I - KKK
FR{J) = RRLD)
FFKACC(J) = FPKACCI(I}
FVAPLJ) = RVAP(TI)Y
78 CONTINUE
M = 9 ¢ LLL + JJJ - KKK
IMAXI:=M
79 CONTINUE
81 WRITE(G+3CL)
300 FORMAT(1HC)
DO 250 M™M1:-1.KC
IF(FPKACCIM1) LECCe) ISKIP=1

122 JPL Technical Memorandum 33-737




SUBROUTINE YANG1

25C WRITE(€9275) MIsFR(M1) sM1vFPKACCIMI)IMIoFVAP(IMI)

275 FORMATL IXo'FRIYoI3e*) 90980 2X e FPKACCI*9I30")="00%c%02Xy
1°FVAP(*4T34°)2%sG9,.4)
IDUMMY=(
D0 260 IY=1¢KO
NRITEC7+1501) IYe IDUMMYeFREIYIIFPKACCI(IY) oFVAPIIY)

260 CONTINUE

1601 FORMAT(2I3+1P3E15.5)

RETURN @ WAS GO TO S
END
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APPENDIX D

IMPLEMENTATION GUIDELINE
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The general model processors have three basic forms: (1) the fully
deterministic complete driver with intermediate data output (FULDET),
(2) the driver (FULBPS) that bypasses the meteoroid model/ surface response
model and operates on the intermediate data output generated in a type (1)
execution, and (3) the driver for the pyrotechnic simulation (PYROM). Pre-
sented below are the computer control card runstreams with the proper
sequence for the execution of a case study. In each example, the data cards
are preceded by a line indicating the format. The basic assumption here is
that the model exists on a magnetic tape compatible with a Univac 1108 major
computer system. On the tape are three files corresponding to FULDET,
FULBPS, and PYROM processors respectively.

Example case studies are given below:

(1) The fully deterministic model, FULDET, allows the sequential
selection of meteoroid mass and velocity groups with the option
of setting the range of dust-grain diameters and the number of
random impact positions. The data card used for this run is of

the form
MML MMU MVL MVU IGML IGMU N2 IHICUP

where MML and MMU are the meteoroid-mass index limits (may
use integers from 1 to 10, as in Table 3, MVL and MVU are the
meteoroid-velocity index limits (may use integers from 1 to 3,

as in Table 3), IGML and IGMU are the ejecta-diameter limits
(may use integers from 1 to 10 corresponding to 10 to 100 pm),
N2 is the number of positions to be randomly selected per each
meteoroid mass-velocity group, and IHICUP increments the 1108
system random number generator (because the computer produces
the same set of random numbers for each case, unless manually
incremented on to new numbers). A set of acceleration and
velocity vs. range data cards is output for each mass-velocity
group (for use with FULBPS). Table D-1 provides a sample run-
stream where the contents of file one of the magnetic tape are
copied, the element DATAIN is updated for a particular mission
when appropriate (cards from the first @ DELETE to the @ PREP
card may be omitted when DATAIN is acceptable), and execution

commences, This particular run is for meteoroid-mass groups
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(2)

(3)

2 through 10, meteoroid-velocity group 3, grain-diameter of
10 pm only, and 1 random position. This would be typical for a
run that is meant to produce only the acceleration and velocity

vs. range data cards.

Similarly, Table D-2 depicts a FULBPS runstream for a case
study involving meteoroid-mass group 3, velocity group 1, and
all 10 ejecta diameter possibilities for 100 random positions.

The three types of data cards (format indicated in Table D-2) arc:
N2 KPLOT

with N2 {integer) positions, KPLOT index indicating whether to
plot (via Calcomp) the spacecraft outline for the integer 1 or to

skip the plot when 0 is entered,
IHICUP KO IGML IGMU PVEL PMASS IMV IML SMl

where KO is the dimension of the following data array, IGML and
IGMU are the grain diameter limits (1 to 10), PVEL is the mete-
oroid velocity, PMASS is the meteoroid mass, IMV and IMM are
the meteoroid velocity and mass indices (as per Table 3) and

SM1 is the corresponding value related to the flux and velocity of

this particular M-V group by

SM1 = FLUX (IMM, IMV)*12/PVEL, (D1)

and finally the acceleration and velocity vs. range array where

the data is in the form of
I R({I) A(I) V(1)
with KO entries.

Lastly, the pyrotechnic event runstream appears in Table D-3.
The only essential difference between this runstream and the
one for FULDET is the data card preceding the acceleration and

velocity vs. range array. The form of this card is
IHICUP KO IGML IGMU IPYRO NPYRO PRMIN PRMAX ANAME

where IPYRO indicates the identifying number assigned to this

type of device, NPYRO indicates how many pyrotechnic devices
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of this type are on the spacecraft, PRMIN and PRMAX are the
localizing parameters defined in Appendix B and ANAME is an
18-space alphanumeric spacecraft zone name used for printout

purposes (see Table 2b for example).
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TABLE D1. SAMPLE FULDET EXECUTION RUNSTREAM

ARUN FULDETHETC.

QASC o7 TAPE . o T XXUXXX
AREWIND TAPE,

alCPY € TAPE.+»TPFSe.
aFREE TAPE.

ODELETE+A FULAES
ADELETE,3SR «DATAIN

aFO0R IS «DATAIN s oDATAIN
{THE NEW DATAIN JECK)
aPREP

dMAP.IS «FULMAP . FULABS
IN JFULDET

IN DATAIN

LI® LIBsJPLS,.

LIS LIS5*PLOTS,

aX8T +FULABS

® ¢ FORMAT(3(IZe3X)) o x
1C 3 3

[
[y
[y
[

2
aFIN
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T — Y ——

SRUN
SASGy

TABLE D2. SAMPLE FULBPS EXECUTION RUNSTREAM

FULBPS+ETC.

T

SREVIND
OMOVE TAPE.:l
3COPY +6

SDELETE.SR

ODELETE A
aFORGIS

a8PREP
OMAP s
IN
IN
LIB
LIRB
axaerv

o o FORMAT(4(I3¢2X)0lCX92E12.501X92(I2¢2XYeESH) © =
* «14453+405

1

Is

TAPE. o T o XX XXX

TAPE.

TAPE..TPFS.

«DATAIN
+FULBPA

«DATAINs« DATAIN
(THE NEW DATAIN DECK)

«FULBPMe .FULEPA

+FULBPS
«DATAIN
LIBsJPLS.
LIB*PLOTS.
+FULBPA

o ¢ FORMAT(2I1C) o o

100

19

0

1 10

o o FORMAT(I3e3Xe1P3£15,.5) » »

=
OWOLNUNLEWN M

P b b b peb b b
dONNE WN M

e
w o

" @FIN

7.56170-G5
8.72974-C4
1.67233-03
2.47CE9-L3
3.26904-03
4.7€740-C3
4,86576-03
5.66411-GC2
6.86247-C3
7.2€083-C3
3.05919-03
8.20090-C3
8.42989-03
9.02959-C3
1.7CCCC-C2
2.0C0CC-02
T.000C0-C2
4.00000-02
€.0CCCC-C2

1.57486+G1
1.44S1C+C0
7.57313-01
5.12601-C1
3.87415-C1
3.11373-C1
2.60284-01
2.23597-C1
1.95274-C1
1,74426-C1
1.57147-01
1.54935-C1
1.52737-C1
1.40803-C1
1.24262-C1

659525-02

4.44363-02
2.3321%5-C2
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-1,43073-21
-1.23788-02
-6,46925-C3
-4.378€3-03
-3.3C945-03
-2.,6£3€E6-03
-2.2234%4-03
-1,91CE-02
-1.67438-C3
-1.48C(1-03
-1.342%41-G3
~-1.32672-C3
-1.31633-03
-1,2127%-C3
-1.CE62E7-03
-6.16022-04
-2.83329-C4
‘3 .DG“S 8'0“
-2.046€7-04

«10000~-11

1

3

-1088-08
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TABLE D3. SAMPLE PYROM EXECUTION RUNSTREAM

aRUN
BASGT
SREWIND
aMOVE

PYROM »ETC.
TAPES o T o XX XXX
TAPE.
TAPE.92
aCOPY 'G TAPE.'TPF‘.
aFREE TAPE.
aDELETE »A 4PYROMA
@DELETE #SR «BATAIN
8aFOR IS «DATAIN» .DATAIN
{THE NEW DATAIN DECK)
8PREP
OMAPIS +PYROMS 9. PYROMA
IN .PYROM
IN JDATAIN
LIB LIB»JPLS.
LIB LIB+PLOTS.
* o FORMAT(2I1C) o =
100 0
® * FORMATIGITIZe2X) 9 2E12,59+3AC) o »
002 c6 001 i0 001 O0OoC4 «22+00
o o FCRMAT(IZe3Xe1P3E15.5) » »
5'4.-04 IQGO’GZ
8.0-C2 2.8C+C1
2.5-C1 2.0C+0C
5.0-01 8.0C-01
7.5-C1 %.00-C1
l.0C+ 00" 1.00-01

MO BWN

«54 +00SECTOR ONE CONE

-1.05+01
~4.eC+CC
-2.17C-C1
-6.3C-C2
-JeSC-C2
-2.70-C2
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